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The cresen" inver:"!:':^ relate o t novel Tirnncaned fcrxs of 
vascular endothelial grc-vtn factor ;v1^GF; -related proteins. 
-Icr-r part ccc lar iy , the invention relates to N- terminally 
truncacea V£GF- re let ed proteins that are substantially free cf 
c t h e r c r c c e i n s . Sue n :: r c n c a ted '/EG F-reiated proteins ma y be 
ci=eo to stimulate angle genesis m vivo and m vitro. 

The invention also relates to nucleic acids encccinc such 
nc'vel truncateo VEGE-relatec prooems, cells, tissues ana 
a n 1 r^ia 1 s c o n o a i n i n g s u c n nucleic acids; me t h o c s of treatment 
using such nucleic acids; ana m.ethcas relating to all of the 
f orego mg . 



Background 

!■ a s c u 1 a r e n dc t ^l e 1 1 a 1 g r c- t li factors ; VE G F s ) also called 
a s c u 1 a r p e r me a fc: i 1 i o y f a c t c^ r s ; V P Fs ; , are a family of proteins 
that are prcouced oy m.any aifferent cell types in many organs 
and ace m a highly selective manner to stimulate endothelial 
cells almost exclusively {rsviev;ea m Ferrara et al . , Endocr . 
Rev . 13:18-32, 11992); Dvorak et al.. Am. G. Pathol. 146:1029- 
31, 1995; Thomas, Eicl. Ghem. . 271:603-06, 1996;. These 

publications, ana all coher publicacicns referenced, herein, are 
nereby incorporated cy reference m tneir entirety. 

When o e s t e d i n cell culture, 1' E G F s are pot e n 1 1 y t; i t o g e n 1 ^ 



f: sm j 



_ r — 1 6 , 19 9 5; ir" c c o e i 

^l^acenases GJnemori 



5":.-u_aT:e zr.e lorrpLaCion or r_ce-like structures cy 
e n cc t e 1 r a 1 c e 1 1 , an i. n v i t r c> e :-: amp 1 e a f a r. a a c c e ne s a s ( W i c o a i a 
e a a 1 . , An . C . P^ahol., 145:1023-2 9, 1994 

^a vav:, VEGFa iacace aaca a aane s aa ^l^eunq ea al.. Science 
2 4 6 : 1 ? a 6 - C 9 , 19-^9; a ac i a a r e a s e a s a u 1 a r p e rxe a b i 1 i a y ( S e nc^ e r 
ea ai., S a i e n c a 219:983-3 5, 1 9^3) . VEGFa are new known as 
iiapartaaa phyaialagica2 regulaaora cf aapillary blooc vessel 
farrr.ati on. Tney are invalvec in tne norma ^ formation ca new 
car a liar ae 3 durinc organ growth, ^nc^udang fetal growtn (Peters 
et al., Froc. Natl. Acad. Sea. GSA 91:3915-19, 1993), tissue 
retaar 'Brown et al., J. £xp . Mec. 176:1375-79, 1992; , the 
menstrual cycle, ana pregnancy t Jackson et al., Placenta 
15:3 4 1-5 3, 1994 ; Gul_anan Koos , End oc-i nnl any 19 9-329- 3", 

1993 ; ?:amat et al.. Am. 2. Pathol. 14 6:1 57-65, 1995i. Gurang 
tetal cevelapm.ent, VH^GFa appear to play an essential role an 
tne do noa^o formatian cf blood vessels from blood islands 
(Risau ^ Flamme, Ann. Rev. Gell . Dev. Biol. 11:73-92, 1995), as 
evidenced by aonormal blooc vesse^ development and lethalaty in 
emr ryes lackang a single VFGF allele {Garmeliet et al . , N'atare 
33:j:4 35-3:8, 1996). Moreover, VFGFs are strongly implacated an 
tne patnolagacal o_ooa vessel growth ana r a c t e r a s t i c of many 
daaeases, an clue a ng sclic tum.ors (Pot gens et al., Biol. Ghem. 
Hoppe-Seyler 3~b;57-7(J, 1 995), retinopathies (Mailer et al.. 
Act.. J. Pathol. 145 : 574-84 , 1994 ; Aiello et al . , N. Sngl. J. 
Med . 3 3 1:14 8 0-3", 19 94 ; Aaamis et al., Am. J. Oohthalmol. 



118:4 4 5-50, 1 994;, pscraasas {Deimar et al . , J. E:-:p . Med. 
182:1141-46, :9^4', anc rneuTa-zaia arthriti:: ! Fava et al,, .;h 



2", a m . 2 .• 1 : 6 0 3 - C , 1^^2; . a a :i by n'/oox_ a ' Sc.hv/e i et al . , 
259:843-4:., 19i}._, levy et al., Pial. 2hem. 271:274 6- 
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mcr-a:^-^ oxygen^:: i nnrougn i^dui^tion cf additicnal 

-ac'^iiany vess-3: zornari'jn and resul-inc increased blood flow. 
Thi3 necnanisrn is tnouahi to ccnir ibute to pathological 
a n '._T 1 o e o e s i ^ i o t ut-.o r 3 and i n r e 1 1 nopa t n i e s . H o w ever, 

ur r e g cl a 1 1 o n o f VH:G F e xp r e s s i o n a iter h ypox la is also essential 
m tissue repair, e.g., m dermal wound healing : Frank et al., 
3iol. Chen. 2:^0:12607-613, 1995:, and m coronary ischemia 
:3anai et al., Caroic vase . ?.es . 2r: 1176-79, 1994; Hashimoto et 
Ai-n. J. Pnysiol. 2 6 7 : H L 9 4 8 -H 1 9 9 4 , 1994). 

l7.e potential oi VEGF to pharmacologically inauce 
angiogenesis ir. anima.l models of va scolder ischemda has t>een 
snown m tne rabbit chronic lim.b ischemia model by 
oemons tratmg tnat repeated mt ram.uscular injection or a single 
^ntr a -arterial cclus o: VEGF can augm.ent collateral blood 
vessel forma to on as eviaenced by b.ood flow measurement m the 
iscnemic hmdlrmo (Pu, et al.. Circulation 83:203-12, 1993; 
Banters et al . , Am. C. Fhysicl. 2 67 : H 1 2 6 3 - 7 1 , 1994 ; Takeshita 
Circulation 9: :part 2], I1-22B-34, 1994 ; Eauters et 
Vase. Sure 2 1:314-25, 1 995 ; Bauters et al.. 
Circulation 91:2302- 09, 1995 ; Ta-eshita et al . , J. Clm . 
I nvest . 93:662-70, 1994). In this model, VEGF has als:i oeen 
s h C'W n t c act s y ne r g i s 1 1 ca 1 1 y v; i t h t^ a s i c FG F to ame 1 1 o r a t e 
ischemia {Asahara et al., Circulation 92:[suppl 2], 11-365-71, 
1 995) . VEGF was also reported to accelerate the repair C'f 
ballcon-in^ urec rat carotid artery endotnelium tnereliy 
inhibiting patnological thickening of the underlying smootn 
"-^ layers, a no thus :::u 1 n t a i n i n i lumen diameter and ol tod 
— -.saaa^^ -\ :a 1 . , .' : i - u 1 :^ i : . 1 ^ v.. " " - 2 4 1 L , : 9 9 5 ■ . VFCp 

7^7-: roe:-. sh~wn ■ ■ ittu":--; 12?^ ) Co i - u e 1 .:m- : e 7 1 v-: u 
^" F.:^'--t'. 1 cut:.:.;: ,:-:_U'i:. ; -■■7',n;"_'nuent r *- 1 u >: :i t : n ^n junint,; 

7 denary ar-erios, thv:; potentially sontributing tt increased 
t;:^':;cc ilow i -i ischemic areas via i seconder'/ mechanism nc:t 
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tor d cotienni^il merapeutio role of VEGFs in v;ound nea^mc, 
1 o o n emi o d o s o a s e 3 a no resze r.o sis. 

"r h fef V £ G F i aT.i ly cf proteins is cc mp rised of ao ^easr A 
rrien;Der3 VFGF-lZl,, VEG?-lo5, VEGF-189, and VEGF-206. The 
^ or _ ai oa 11 y ana r a coo r i ::ea VFG F is a 14-45 >Da glycosylated 
orooam v;hioh consists sf 1 laenoica^ suounits of 165 ammo 
:;oid resiooes (Glsoher eo al., Bioonen. Eiopnys . Res. GC'nmun . 
165 : 119b-12C6, 1981) . The VEGF-lc5 cDNA encoaQS a 111-residue 
amino acio seoaenco consisting of a 2 6-residue secrete ry si.gnal 

11 c^ep tide sequence , which is cleavec upon secretion of tne 
circtein from cells, and the 165-residue mature prctein subunit . 
■/FGF- 1 6 5 bmcs s t rc:ngl y to heparin for which the strongly has i c 
sequence between res i cue s 115-159 is th-Dught to be respons idle 
(Fig. 1; (Thomas, Biol . Gnem. , 271:603-06 ;1996);. The 

1 5 o oner memo e r s of the V EG F f ami 1 y are nomod xme ric proteins with 
she rte r or longer subunit s of 121, 18 9 ana 206 residues ( VEGF- 
121, VEGF-189, and VEGF-2C6, respectively) (Tischer et ai , , J. 
^iol . 2hem. 2 6 6 : 1 1 9 4 - 5 4 , 1991; Park el al . , Mol Biol cell 
4:12:^-25 (1992)). The 4 forms cf VEGF arise frcm alternative 

20 spliomc of op CO 3 axons of the VEGF gene (VEGF-121, excns 1- 
2,B; VEGF-165, e:-:ons 1-5,-7,8; VEGF-139, axons 1-5, 6a, 7, 8; 
VEGF- 2 0 6 , axons 1 - 5 , 6b , ^ , 8 ; axon 5 a and 6 b refer to 2 
alee ma 1 1 ve 1 y spliced f o rms O' f the same exon ) ■ ' Hcuc ^ e t a 1 . , 
Kc - . Enaccr . , 5:1826-14 (1991)). Tne VEGF sequences contain 

25 eight C'Onservea di s u 1 f i oe- f o rm.mc core cysteine residues. All 
VEGF genes encoce signal peptides thai direct the protein into 
one secretory oaohv/sy. However, on^y VEGF- 12 1 and -165 aie 
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Minogeni^ ^;::::ivity cz r.ne various VHLGF i so forms var::.es 
depending on eacn iscform. For exanp^e, V"GF-121 and VZGF-loS 
nave very sirno_ar mioccenic activity for encothelial cells. 
H o >; e e r ^ VE G F - 1 5 5 and ^/ F G F - 2 0 6 are c n 1 y e a >: 1 y nit: o g e n i a 
5 fFerrara eo al . , Fncocr . Rev . 13:18-22, 1992*. The reduced 
activity of tnese iso forms is aooribuoed to their strong 
a s 3 :.: c 1 a 1 1 c n v; 1 1 h sells a ri a ma t r i :■: , as evidenced by the no rm,a 1 
misogenic acriviOy of a musano cf VEGF-206 which lac>s tne 24- 
r e a i a u e m.a o r :. :< t a r g e t a n g " sequence c citjtiq n o VFG F - 1 8 2 a nd 

10 l^EGF-206 (resadues 115-139 in Fig. 1} (Ferrara et al., Fndocr . 
Rev. 13: 18-32, 1992) . 

hn N-oermmal fragment cf VFGF-165 genera oea by rlasmaa 
1 ;/F G ^ ; 1 - 1 1 2 ; ; o ou nd w i o h tne s am.e a f f i n a t y a o tne K 2'R receptor 
as VFGF-165 ana YEGF-121 whereas the C-rermxnal VEGF- fragment 

15 (111-165) had nc bandang actavity (Keyt ec al., J. Biol . Chem. 
271: -7783-95 , 1996;. Interestingly, m thas study che mitogenac 
accavioy cf VE2F-121 and VEGF-110 was reduced hy approximately 
ilC-fcla as ccm.pared to VEGF-165, suggesaing a porential r:^ie 
cf the G- terminal domain of VEGF- 165 in the bio logical potency 

2 0 of VEGF isoform.s. Tne significance cf a his fincing is sc-mewhat 
unclear an view of earlier resulis snowing the equivalent 
pccency cf VEGF- 12 1 and VEGF- 165 on endcthelial cell growth . 
Fu rone more, since functional interaction of VEGF v;ith the KDR 
recepcor as a hough o to be dependent at least m part on cell 

2 5 surface heparin sulface p r o a eoc 1 yean ; s ; (Go hen et al., J . B i o 1 .. 
Ghem. , 2 7 3:11322-26, 1995; Tessler et al., J. 3iq1 . Ghem. 
^- - : - 2 -1 1 ^ - 6 ; 1 9 9 ■ 1 . s : : n "7 a i r c G^ t h a ^ a i f f e r e n c e s in 

rai'7_. ts arise iji^n ".i 1 1 ^^■ :"u_- ■:• / iv /"ir.i.j.is e >:r'0 r ■cnen t s ^ sys":en;s. 
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VEGFs are related ::o piatele^-aerrvea growth factcr 
( ? DG ?) ; Ar.de r s s o r. e t a I . , Growth factors 12:159-64, 1995). 
■/EGJo are a^so related to me lamily cf proteins aeri^ved from 
one p:.aoenta Growth Factor ;?1GF: gene, P^GF-129 anc P1GF-15C 
( Magi lone eo al . , Proo . Natl. Aoad. Sol. 'JSA 33:926 7-71 , 199 1 ; 
In -ocene 8:925-51, 19 93). More recently several additional 
'/F 7F-related genes have oeen. identified and termed VFGF-3 (also 
called VEGF-related factor VRF-1) (Grimmond et al . , Genome Res. 



.orsson eo ai., Proo. Natl. Acac. Scr . A. 



19 P3:25o^-3 1, 1996'; VRF-2 (Grimm.cnd et al . , Genome Res. 6:122-29, 
1996), and 7^EGF-C (Joukov et al., EM3Q J . 15:290-98, 1996; Lee 
et al., Proo. Natl. Aoad. Sco . CSA 53:19^3-92, 1996) and VEiItF- 3 
■: PoT Applooatron No. FCT" /US 9 5 / C 7 2 3 3 , poblished '.n Ceo ember 12. 
1956 as WC96/39421;. Finally, two virally encoced VEGF-related 

15 sequences have been iaenoified, pC'Xvirus CRF-1 and GP.F-2 
( iyt t _e et a 1 . , J . Viro 1 . 63:3 4- 92, 1994}, With the except ion 
of PDGF, ohese proteins are referred to as VEGF-related 
prO'Oems [ VRPs j . Gequences of G:-:amples c f VRt s are depicted 

in Figure 1 . 

-^'-^ I'he VRFs, and the PDGFs known so far have 3 cysteines 

wionm tneir sequences that are relatively pcsioionally 
conserved. The rrotein sequence spanning the conserved 

ciostemes is therefore referred, to hereon as the core se cue nee, 
and tne first N- termma 1 cc-nserved cysteine of one seauence is 

2 5 referred to herein as tne ''First cysteine of the core sequence" 
or "first core cysteine," 



pr^) alienation, VEGt/PlGF ne te r od i.mer s are less r^otent mitogens. 
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- • -71: 2154-5^, 1??6; . In otner exper ixenr s , 



■'EG^^-icS/VEGF-E he-:ercc_iner2 were found to fcrx afzer 
^-ransiecticn cf cells with cczr. genes (Olofsson et al., ?rcc . 
: :^tl. Acad. Sci. (l.S.A. ?2:25o7-Sl, 1996). 

VEGFs interact with twc receptors present on endothelial 
cells, KGR/flk-1 (Terman ec al., Biocnem. Blophys . Res . dcrr.mun . 
l?-:l^-9-8^, :5?2: , and flt-1 ( ~e Vries ec al_ Science 
15 2:1^^:9-91, 1392;. Syscemacic site-directed nutacenesis cf 
V^G 1-1-1 cy alanine scanning of charged resiaues nas snown chat 
residues 063, E64 and E62 are involved m binding cf VEGF to 
flt-1 whereas the basic resiaues R52, KIB4, and H86 ccntribuce 
strcriqly to binding to KDR <:?Ceyt et al . , J. 3iol. Chem. 
2 7 1 : 5 b 2. 8 - 4 6 , 19 9 6). 

VRPs are known to bind to one or more cf three different 
endothelial cc^lI receptors, each of which is a single 
transmemcrane protein with a large extracellular pore ion 
comprised of I' immunogl ooul in - 1 ype domains and a cytoplasmic 
pore ion chat functions as a tyrosine -:inase. These receptors 
are K3R/flk-l (cerman et al., Bicchem. Eioonys. Res. Ccrr.mun . 
1^ 7:157 9-86, 1 592;, flt-1 { De Vries et al , , Science 255:589-91, 
1 992;, and flt-4 (?a:usola ec al . , Cancer Res. 52:57 33-42, 
--92). There are cistcnct select ivicies between chese 

receptors and the various VEGF ligands thac have ncc been 
completely elucidated as yet. Hov;ever, it is r:ncwn that VRGF 
rmds cc KjR and flcl (Terman ec al.. Grower Factors ll:12':^-55, 
1 994: bus not flt4 iJcu;icv et al., FM50 J. 15:290-92, 1996), 

'-"^■^ 12 11 rue.; fill ■2^u:c:v -c al., FMF'G 1. ;2:2 2':---, 
^■'-''^ r VFl-F-i: rises r .... i - 4 ^.ludiiv c si., ZM2") . : 2 : 2 - ■ : - - , 



'o-'^.:y: cc a^., F>]EC J. If: 290- 52, : 9 n ; lee el al 



dacl. Acad. Gci . UcA 9 3 : 1 9 H 3 - ^ , 1996). The recepcor 

13 e •/ ric: VRC R- R /'l'" F- ^ , l'?F~2 ^irv:: the vi rally cn::-:i^v'i 
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ennc':helia:. cell p r cl i f e r a *: i cr. ;:icfsscr: ai . , ?rcc. Katl. 



— -5-^ • 3 . V . . A . i-^2:25c7-31^ lr-?5' ma y c e s c e c u i a r e d ~ n a t 

V^Cr-E can bjLnd KDR because k: ?. is tnough- zo be primarily 

respcns lb le zzr the ancieaeni - rer cense L'Z encotrielial cells to 
V E F - 1 i ;-:e a r e w t h factors ( G i t a y - C c r e n e t a 1 . , J . 3 i o 1 . Chem . 
27 1: 55 19-23 ■;1996) ] . 

r^' c s i; e f t :i e V ?. ? s ha 'J beer. s n e w n to activate the K D 
receptor v.thicn is thcucht to make endothelial cells 
" anqiC'^enesis-ccmpetent . " Evidence for such activity has been 
rresentec for which stimulates endothelial cell 

p r ilif eraticn ;01of sson et al . , rtcc. Matl . Acad. Sci . U.S.A. 
93:25c'^-81, 1396}, VEGF-'l which stimulates encotne^ial cell 
migration and p ro 1 i f c r a t i c n (Jcuicov ct al., EMSQ J. 15:290-39, 
1396; Lee et al . , Pros . Natl . Acac . Sci . U5A 93: 1988-92, 1996), 
ana bote known vi rally encoded VF?s whicn were reported to be 
ancicqenic (Lyttle et al . , C . Vircl . 68:34-92, 1994), A 
notable exception are FlGF isc form. homiodimers which have 
negligible m.itocenic activity for endothelial cells. However, 
FIGF/VFG? neterodim.ers still retain considerable mitogenic 
activity (JiSalvo et a_., J. 5iol . Ghem. 270:7717-23, 1995; Gao 
et a^., J. Bicl. Ghem. 271: 3154-62, 1996). 

VFGFs are expressed in rr.any cifferent tissues. SimilarLy, 
VR? oenes are also expressed m n-uitiple tissues but it is of 
particular interest that VGGF-3 and to a lesser extent VRF-2 
are strongly expressed m human heart and skeletal musrle 
(G-rimnond et al., Genom.e Res . 6:122-29, 1996 ; Clcfsscn et aL., 
I ro : ■ tail ■ A -co , 2ci . t . - . p. - .? : 2 r 6 - S : , 17 76:. :n f-jt, 

'7 FC] F-3 : s exp ::es se-;. cons i de r a c I y m<jre :•: *: rcnc ^ y in mouse heart 
veto ■.G7::f . 7:o7r.^;n o 7 . . Is:^^ ^G1— Act i , :^ r i . 



sev-ral human tiss-ies, t.Oo~ -~.o^-o:y :n hear^^- and skeletal 
r^usc:.^ ( louico- et ai., EMEf~> 15: 7 ^"'-9^, ^99^K This 
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chy:=_olcc = role Lr. ^naioaenesis Lr. *:r.ese T. issues. This is 
tr.cucr.r to ce relevant m pathclccicai situations such as 
ccrcnarv iscnem^a where eel lateral ancrcgenesis is required to 
pro vice the heart xuscle with. an adequate capillary blocc 
vessel supply. it has been snown tnat transient ischemia 
incuced by coronary artery ligation or hypoxia rapialy 
uprequ^ates VEGr^ mRNA in the r = t or piq heart m vivo and 
n y p o X 1 a i n duces Vi: G y m R I-} A ^ n o a r a i a o r?. y o c y t e s and sno o t h mu sole 
cells in '.'itro {hash.n^cto et al.. An. J. Pnysiol 2 6'^, nll43- 
i:i554, 1994; Banai, et al., C arciovac. Res. 23:117 6-79, 1994; 
Circulation 90, 649-51, 1994). Tne strong expression of VZGT 
ana VR?s in the heart rtay help to ensure a redundant and 
competent requlatory system. capable o^ indnr-. -irq n«=^w rC noi-^: 
vessel formation when it is needed. Collateral blood vessel 
formation is aiso required in peripneral (lower limb) vascular 
iscnemias anc m cerebral ischem.ias ; stroke) . Finally, new 
blood vessel formation is requirec m tissue repair after 
v;ou nd 1 n g . In this context, it is worth noting t na t VHIG F is 
upreg-ulated in epidermal xer at mocyt es during sxin wound 
nealmg (Brown et al., J. Fxp . Med. 176:1375-79, 1992). Thus, 
therapy of various ischemic conditions such as caraiac 
infarction, chronic coronary ischemia, chronic lower limb 
ischemia, v;ound healing and stroke with VRFs may be potentially 
clinically beneficial . 

Summary Cf The Invention 

Tne p resent invent i ':n : s d : root e-u o no ve 1 t rune a ted f o rms 

:■ :. V T G F - r e 1 a t e d proteins 7 7 ? o ' , ore: e r t o y ;i urn a n T R P s , 1 n 
i-eierrec use ii tne ^runtotel \'-r t on:: oniloi: oc:;: m.-..otA- 

Hi m tne trea^rr.er^ i" nation*:: w i ': h |-:eait :ii cease, v; ounce, or 
otner iscnemic cona^tions by stimu^atmc ana i one nes is m such 
c'lents- Tn^ .im_n: :.:::: o ■■■o::uen ;i i ■ i. ';??.: :.ns_in:^; :::cn^: 



V ? s r.'ii \' G F p r c ~ e 1 r. s ; o r e cysteines). VR Ps jinclude, but are 
net limited to, VSGIT-B, VRF-I, CRF-2, and RlGFs . 

A zirst aspect cr tne invent itn prcvi:-es fcr a ttuncatea 
V?, ? navmg i deleticn of at leatt one cf the ammo acid 
ret -.dues terminal to tne tirst cysteine of the core sequence 
O'f said sucunit. Such compositions wouid he substantially free 
C'f o^tner proteins. Preferably, the truncal io^ns range from 
truncating minimally tne N -terminal resiaue of the mature 
protean subunit cnly;not including the signal sequence; and 
maximally all W-termina_ aminc' acids of the mature protein uc 
to and including tne resiaue M-term.ina_ to (prior to) the first 
core cysteine residue. In more preferred aspects, all cf the 
a.mmo acid residues N-termmal to tne first cysteine of the 
core sequence, except the 1 to 5 ami. to acid resiaues 
immediately N-terminal tc said first c^'steine, are deleted. 

.^\lthough the ammo acid deletions .may consist of deletions 
of no n -adjacent amino acid residues m the N-terminal sequence, 
It is preferred that the deletions ce of cc-nsecutive amino acid 
residues. Tnus, m one preferred asp-ect, the invention 

c C'mp rises h uma n VRPs that have de_etions of ammo acid re si au e 
sequences of increasing lengths from, the N-termmus of the N- 
term.inal sequence up to t.te first cysteine of the core sequence 
of the VRP subunit sequence. 

In preferred aspects, the invention provides for truncated 
versions of the VRPs VEGF-B, VRF-2, VEGF-C, VEGF-3, PIGF, 
poxvirus ORF-1, anc poxvirus ORF-2 . In such truncated VRPs, 
a a on sun an it may i noe pen aen 1 1 \- a^ve a ae-et-tn if at least :;ne 
- " laa ar'n::o a^::. a res:: cues ;i-aerminal t :> me :irst c^'Ste:na of 
tn " zr-r :: ^: e'n.:en t' saia suoun:'.;, .: r can/ one of tne .-v.:oanits 
■ ■■--^ y : 1 a v^; soon a ■lo L - t - j:. . 

In part:ouLar omoc o imen *: a , too trunoatod VRP sucunit 
o om.D rises a VR R s ub u n i i vn e r e i n various n um.b e r s o f ammo acid 
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1 1 

z-ns^sz oz ccr^secunive amir^c ac^a resiaues der:.vec frcm zhe N- 
*:erxinal sequence. These consecutive N~ terminal residues rray 
ce aer ived f rex any locatien m tne M-ierxmai sequence, 
ncwever , a consecutive seauer.ce start m^j f r cm che M- terminus c f 
zhe N-termmai sequence is preierred, and a sequence consisting 
of co^nsecucive ammo acid residues immediately N-cermdnal co 
che firsc cysceine cf the cere sequence tif che VF.? sub unit is 
m.csi ore f erred. Exam.ples zz such m.osc preferred embodiments 
ar^-: cepiccec m T^qure 2. 

In ccher emoc dements, che am^inc acid residues K- terminal 
oo ohe firsc cysceine of the core sequence of tne truncated 
VRPs oi che invention are a rancomiy sel-ected amino acid 
s e q "1 e n c e , i n y e o other e m.b o d i me n t s t n e s e am mo acid r e s i d ii e s 
are derived from tne N- terminal seq-zetr.c^ of tne full lencch VRP 
sequence, bur are nor necessarily consecutive amino acids from 
tne full length VRP sequence. 

Thus, m one m.osc preferred aspecc, the invencion provides 
a cruncarec VR? subunit v-;herein the ammo acid residues N- 
termmal to tne first cysteine of the core sequence of said 
suounit are deleced. 

In C'ther aspects, che invention provides a truncated VR? 
subunit wnerem tne ammo acic sequence bi-cermmal to che cere 
sequence o omp rises 11 to 20, more preferably 11 c c 15, m.c r e 
poeieracly 6 co 12, and mcsc preferably 2 to 5 ammo acid 
residues . 

Preferably, the ammo acid sequence M - 1 e rmd na 1 r O' the core 
n.i'-'^nc^ "mr-oisec tc-: o c: c c c u c :c/'". -iminc ^ci;i res:. a.:es 
:.rrme^:: a ce : y !:-ierm^nc!. c: Zr.r, riro^ cyccem';^- of one core 
c c c c : 0 a : c 2 1 o u r -z n i . T h u i , .:. c z. e o o- o^ r e r e 1 1' e c 

■ c: : .■ imcn".- , or.: ziz\zzz-z: 12-.2 .i: mo r ^. o cce ; sequen::-:-, *.ce 
ne'.'ecsary '2-ccrminaI sequence cj che core seqvience, and further 
comprises at me rec : jn M-cero:mal oo- the firsc cvsteme of tne 
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c -:ns ecut i V'3 arr.r^r.Z' izi::: re^i:::ue3 of "he ^mmc aci^ sequence ~nat 
:.s iTjnediateiy N--erm:.nal to t:he firso cysteine of the core 
se.^:.:ence :i tne full lec-orr. V?.? sequence. 

Iccce SKI ilea cn cne arc v/c^l recognize chat where a 
5 truncated V?,? subunit conorrses^ for example, ;x; amine act as 
N- terminal to tee first cysteine cf tne core sequence, that 
such a truncated VRP subunit is cne where the corresponding 
full 1 e r: q t h '/ R P s u c u n 1 1 c c m. p r i s e s { X ^ 1) amino acres : 4 - 
terminal tc the first cysteine cf the ctre sequence. 
iJ The truncatea VRPs cf the mventitn include truncated VR? 

hcm.c aimers ccm.trisinc two truncated VR? subunit s of tne 
invention, wnerein the two truncatea VRP suounits have the same 
am.inc ucia scquGncc, and also include truncatea VRP 
heterodimers comprising two truncated VRP subunits of the 
15 invention wherein tne two subunits nave different amino acid 
sequences from each other. 

For purposes c-f the present invention, the term '"first N- 
N^R' amine acids where I' ana MM eacn represent numbers of am.ino 
aclas, for exam.ple, the first 11-15 ammo acias, denotes tne 
20 first N-NN ammo anas ;e.c., the first 10-15 ammo acids) 
after tne signal peptiae sequence of the aesignated VRP. The 
term N-NN encompasses a deletion of anywhere from N to NN c; f 
tne first am.inc acids after tne signal sequence. Thus, in m.ore 
preferred aspects, the truncated VP.? subunit c omp rises a 
25 truncatea nVEGFB prc»t:ein subunit wherein tne first 10-15 am.mo 
acids are aeietea; m.c:re oreferacly, the iirst 11-21 ammo acias 
■ j :i e 1 ^ t :\ ; mo r - c r o e r ^ b ^ y , t r. r i a 21 - 1 : m m o acids are 
t- - ;;te::; u.d i:... ." *■. r i -'^ n . r a o y , to--- :irot ":m:u":o .iCioc -.iio 

' . -med . 

^^-^mnri 3^3 a ^runc^"^:: ;"//Rr2 crotem subunit wnerem the first 
;0-15 a mien a'-^ics are deleted; more preferably, the first 15-22 
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acias ar-r deletea; ana most preferat:l.y, trie first 22-2-3 amino 
^•ci ..: J are de2eted . 

2r. otner T.cre preferred aspects, the trtncated VR? subunit 
ocn-.prrses a truncatea hVEGFC protein saounit wherein the first 
9 2 - \. Z 2 ammo ac ids are de 2e t ea ; rnc: re pre f erabi y, the first 100- 
22^ amino aci:a3 are deleted; more preferabiy, the first 105-110 
ami n o a a i a s a re ae 2 e t e d ; and m.o s t preferably, the first 108-109 
amino aaids are deleted. 

:r other mc-re preferred asoects, the tranoated VRP subunit 
comprises a truncated hPlGF protein sabunit wherein the first 
12-21 am.ino acids are deleted; more preferably, the first 21-26 
ami n o a c i a s are a e 1 e ted; mo re c r e r e r ab 1 y , the first 26-31 ami n C' 
a^ias are leleted; and most preferably, the first 29-20 ammo 
acids are delisted. 

In ctner mare preferred aspects, the truncated VRP subunit 
campi rises a truncated hVEG F3 pratem subunit wherein the first 
10-15 amino aciis are del-eted; more preferably, the first 15-20 
ammo acios are dele tec; more preferably, the first 20-25 ami nc> 
aside are de2eted; and most preferably, tne first 22-24 ammo 
acids are oeletea. 

In ctner mare preferred aspects, the truncated VR? subunit 
com.p rises a truncatea pvCRRi protein subunit wherein the first 
20-25 ammo acihs are deleted; more preferably, the first 25-30 
amino acics are deleted; more preferably, the first 32-35 amini 
alias are deleted; and most preferably, tne first 32-31 ammo 
acias are oeleted. 

n _) t n e r mere ::■ r e f e r r e d a o t- e c t s , tne truncated V P subunit 
.:'.:mt :: : 1 1 a a truncate l'/2RR1. or", ^em c:_:runit wr:erem tne rirsi 

-:-ir.^ -:.m2a im a-;--.ii; - — - - - f e r r ! y . v m - : :^ - ■ Z .:uru n 

acia- die ueletec; and most preferaoly, the first ^^3-^:^; a mm a 
aci^ac are aelet'^c. The a e:o o co i:. o2 ^cme exemplary preferrec 
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Tne inven::ior- also provides f^r nucleic acid molecules 
cccmg icr tne trcncared VR? subunitc described herein. The 
r.::. 2^.^ z .Jic lc: cio lecules T.ay ke , for exaxp le , DU?. , c jNA c r RNA . 
T r. e : r. ve r i :■ r. 1 s o p r o v i de s f c r r e c oir^c i na n c DN A v e c c c r s 
~ ccnp r r 3 .1 r.c r. ne nucleic accc rr.ol ecu 1 e s encccinc the t: r unca cec 
V R P s , and ri c s c c e 1 _ s transformed w i c n. such r e c c t,c i n a n o D N A 
vectors, wherein such vectors direct tne synthesis of a 
truncated VP? subunit such as tnose ae scribed herein. 

The invention further pre vices for nucleic acid xolecules 

1 C encoding b ic: s yntnet i c precursor fcrT.s of N-terimnally truncated 

suounits of V'RPs for tne purpose of tacilitatinc tne expression 
m 3uitab_e host systems. Sucn nucleic acid molecules are 
comprised of DNA encccmg a signal peotide that precedes the 
truncated subunits at tneir N-termini . The signal sequences of 

15 VEGF or VR?s would oe usee to construct appropriate signal 
peptide-ccnt aining truncated forms cf VRPs . The human VEGF 
signal peptide is as follows: 

mnf 1 Isw-^hvslalllylhhakwsqa 1) [S^Q l.D. NO. 40] — 

Alternatively, tne signal peptides shown in Figure 1 may be 

2C usee. Preferably, the signal peptide sp^ecific for the 

tr!:ncatea VR:^ is used in the construct. 

In order tz> facilitate signal peptide cleavage in 
m.ammalian cells after fusion of the signal sequence to 
t r u nc a t e a f z- rms C' f VR P , it ma y be necessary to include the 

2 5 first cr the first two residues of tne mature I'F.F peptide 

s e uu e n c e , e.g. proline [?] , i r p r o 1 1 n e - va 1 1 ne { 1 V ) f z r h V E G FB . 
"thus, lo an p'ror: r 1 ? t e nuvLoi: -ri.i lo'-u 1. ^ wou.ll oe camp ri sec 
11 l[:;.y •jnc-.o-ni -Ln-:- zizr.zl .0;u:io-:n^;>^ ;i f TIGF-T, optima^ ^y 
\ zz: : :':<::■.;:■. :.z: vzz\ :tne ! zzzz residue o" mature 

residue ■■'■r manure VZGF~3) , ana fcllowoa cy CN7i encQd:ng the N- 
tormma^^y truncated '/FGR-H . The invention a^so provides for 

"■ 1 - : z a p p r ' : p r a t z n "i 1 p ~ p o i z *:■ : i - n z o n s t r u c t s , rest 
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t h-^ r t . T :i o s e s >:i 1 1 e d in t " e art will re c o cn ize tnat the 
3._p:nal cep-raes sr. duld optronaliy include residues needea for 
r^cr^rretr er. rf ^rgr.^l peprrde cleavaqe rn TLamnalian cells for 
the various truncated VPP subunrts of the present invention. 
5 Tnus^ the present invention provides fcir re comb t nan t CNA 

expression vests rs wherein the 5' ena of the nucleic acid 
mol.ecule ccdinc for tne truncated V?.? subunit rs cperabiy 
Linked to a oNA sequence that codes for a si anal peptide. The 
si anal pep'tide xay oe 5 hu.tian VRP signal peptide. Moreover , 

10 the IN A sequence coding for said signal peptide may be cperabiy 
linked at the 3' ena c> f sard DKA 3e-zi'-j.ence to DNA coding for the 
first arr.ino acrd residue cf the- rr.ature non- trunca tea VR? 
s uc unit, a nd ne r em tne 2 ' end C' f sal d DN A c od i n g for sat d 
resrcue is operably linked to the nucietc acid molecule coding 

15 for sa^d trunca tec VRF subunit. In otner aspects, the DNA 
sequence codtng for sard srgnal peptide is operably lonked at 
the 3' end of said C^NA sequence to DNA, codrng fc-r the first two 
ammo acid resiaues of the mature non- truncated VRP subunit s, 
and wherem the 3' end of said CMA coding for said two residues 

2 0 OS ope r obi y lin.<ed to safe nuclerc acid mc-lecule coding for 
sard trunca tec VR? subunit. Thus, m preferred aspects, the 
invention also provides a truncated VRP subunit cf the 
invention as descrioed above, further ccmrrismg at the N- 
terminus of said truncated VRP sucunit, the first one or two 

2i ammo acrd residues of tne m.ature non- 1 runcat ed VRP subunit. 
Those ski Ilea m the art will recognize that sucn truncated VR? 
.-' u o u n 1 1 o ■ : : t ■ - :. n ^^o; 1 1 1- n mo 1 I'O - ^ h :; s .^' r. - r e i n the f m a 1 
nuo;o-^r ■ :: amin:' :o . ; - t a r::; m> : , ■ tne :irs~ i vote me : i tne 

; 1 ._: t :r: ■.: y 1 ^ o _ 1. t ; . : - n o .- 1 :.. i : n„ ■ ■; .i v ~: ■_: ^ i _ e a s l „ 

loo.; man the :"o:iT.nor : amm-^^ =:o: as N-termir:al to the first 
cysteine of tne core sequence of tne correspcncmg full ^ength 
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I c t h e r preferred a s oe c t s , t i n ve n r i c n provides 

z r ■_: r. c e. n e d V ?. - h omc aimers or n e e r i. d i me r s c cmp r i s i n c r v;c 
iru::.::aned VR? si:tunrt5 wnereir. sai'i trunca:-ec VRP subunir.^ 
c:rnorise at the r:: ~ *: e rmr nus cf said truncatec V?.? suburits, the 
first c n e c r t v.v": ami n a acid rear ci: e s of the ma tare n c n - 
tranaated VRP sucunit . 

la preferred aspects^ the recam.bmanr nucleic acid 
moiecule ceding for a truncated VRP sub an it if tne invent! an is 
operabiy linked to centre 1 sequences ape r able in a host cell 
transtormed v;ith said vector. The present invention also 
p r a i de s for t r a n s f a rme d a r t r a n s f e c t s a host a e 1 1 s c orap r i a i ng 
taa recombinant Ll\?. vectors of tae m^^enticn. 

T h p r p- p- " r i n v r - i o =^ '). s n ' - ~ ' ~ ri p- r-i p. ^ ^ -re r V e c ^ ^ ^ C n 

coT.pr ise nuc ^^e i a acia molecules coding for tne truncated VRPs 
of Che invention. Such delivery vectors may be, for example, 
viral vectors. Such viral veccors may be, for example, 

adenovirus vectors or adenovirus-associated virus vectors. In 
other aspects of tne invention are provided an adenovirus 
ve c c O' r c om.p r i s 1 n g a n a c 1 e i c a c i a mo lecule coding for a 
truncaceo V?_P ef the invention cp'orabiy lln>ec at the end of 

the nuclei a acia moiecule to a jM'. sequence tnat codes for a 
sicnal peptide. Preferably, the signal peptide is selected 
from the group consisting of VEGF signal peptide, VEGF-B signal 
p'Optlde, VRR-2 signal peptide, VZGF-C signal peptide, PlGR 
signal peptide, VEGR-2 signal p'optide, poxvirus CRF-1 signal 
pepoide, ana pC'Xvirus ORF-2 signal peptiae. Preferable saic 
: :nal ne::ti::-r _i '.'RIF-- a a"a; v.. ~ i . T r or^ferrti aat'tc*:t, 
t i ■.: 1:-;a s a en ae a: a m : :a: taa a i :;n_i 1 r op 1 1 ae i a i r-ir lib _ ■/ 
. : :". K a "; a t :'i a ' - a a a r. •:■ 1 ■ ' A a - a ■.: - ri a a ; PI J A t a a i n ■ : i i t r. e 

aacunit, an'::i v.'aere-n tae ' ana if said PtiA coding far aa_d 
residua as op^erably liaKeti t^a tae r^ucle^c acid molecule coding 
"a:,: :: t r :.n^ a/i ^ -■; '/RPa. in mt./ '" a::a-:arrad a are ta-^- 
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a':er.ovi. rus vt:^cr_ o r comp rises a nuclei.:: acid molecule which codes 
z-:r 1 truncaoeo VR? sucuriio or Figure 2. 

In lurcher preferred aspects of t.ce mvencicn are prcviaed 
a f licerec-icj eccacle adencvirus veccor preparacion ccmprismc 
a reccmb inane adenoviral vector, said vector containing no 
'.V _ 1 d - 1 ype VI ru s ana comp r i s _ nc : a partial aaenovi r a 1 s ecu e nee 
from w h i c n t a e El A /' E 1 r la e n e s h a '/ e o e e n deleted, and a t r a n s c e n e 
codmu rcr a truncatea V?.? subunit, driven by a pronoter 
f 1 an >ed oy the partial adenovirus sequence ; and a 
pha rmaceu t ica 1 1 y acceptable carrier. In preferred aspects, the 
preparation has oeen filtered througn a 30 micron filter. In 
otner preferred aspects the truncated VEG 7 suoun i t is a 
truncatec VEGF suounit of Fiqure 2. In another prefer '^sd 

aspect, the injectable aaenoviral vector preparation comprises 
a p r one t e r selectee f r c m. t n e group consisting of a 2M V 
prc^mo te r , a ventricular myocy t e - spe ci f i c promot e r , and a myosin 
heavy cnam promoter . 

In other aspects, the invention provides a method of 
prc'ducirg a truncated V?.? polypeptiac com.prismg crowing, under 
suitable ccnditions, a hc^st cell transform.ea or transfected 
witn the recc'tiomant 2-CA expression vectc-r of the inventiC't in 
a manner allowing expression of sai:i polypeptide, and isolating 
said p o 1 p e p t i a e r r o m the h c> s t cell. Suitable conditions -are 
tnen prtvidea for the truncated VR? peptide to fold intc a 
truncated V ?, ? s u b u n 1 1 , In ma rrjn alian cells, sucn conditions 
snouid be naturally provided by the cell. In ncn-mammalian 
eel Is, apprcoriate orh i s o i ■ v^ ^ :: 1 1: y , at':: r^aucin'^ :: i no 1 1 1 1 n 
::t . s '. p r a '/ aed , sue:: s *". a a - t;;^^ e e r i nee; i. , r .:■ r e xamo ... e , 

rr- \ - I f r s i a e r u r, e.- 1 e^.: f? ? j uo un 1 1 t e a^iae nee w : t n a 

scccnc VR? suounit selected from tne grcup' consisting of VRP 
sae;.:nit.-- and trune.iee"; sueani^e. le cr^'ierrea aspects ei 
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heme a me r eomprising rwc truncaeeci VRF seb'er.ets navmg ^ne same 
amere acec =eceence. 

I .e e e r. e r aspects e r :: h e i n ve n e :l c r. are p r c v i de d me t h c d 3 c f 
prr'aee_-eq tr'^ncarea VRP heee rodi.mers wheree.e the rwo VF ? 
seouni t.5 nave ci f f e renr_ amine aeed sequences . Such 
h e e e r e d in e r e may c c n s 1. 3 t: one t r u n c a r e d V R ? s u b u n i e and one 

non-truncated VRP auounet, cr both VR? subunits may ize 
truncated. The two eubuncta may be derived frcm: different 
V?:?s . For exam.pie, tne netercdim.er may consist of one VEGF-B 
suounrt ana one cruncateu VEGF-C subunit, or booh subunics may 
ce truncated . 

In furtner preferred acpects, tne present invention 
provioes pha rmaceut o cai ccmpositions comprosxng a truncated VF P 
suDunit of the present invention, in a suitable carrier. The 
inveneicn includes net nods of stimLulatmg olood vessel 
form.acicn conpr 1 sing administering to a patient such a 
pharm.aceutical composition. 

Methods are pro vice c using tne compounds of the present 
invencicn 00 stim.ulate encotnelial celi growch or encothe-ial 
cell migraticn m vitro ccmiprising treating said endothelial 
cells >;ioh truncated VRPs . 

The presenc invents en also provides m.ethods of treating a 
patient suffering from a, nea rt disease ccm;prising administering 
to saic patient a nucleic acia m.olecule coding for at least or:e 
truncatec VRP subunit, said nucleic acid molecule capable Cif 
e :<p re asm g the truncated VRP subunit 1 n said p a t i e n c . In an 
<^uuiiLonui e-mbc d_men , ::^-^ihoic are ::rov:.ceu ^■; stimulatir.a 
u n :: 1 ; lene 1 : j n ^ a t :. a n 1 1 iryp 1 1 a 1 m: : a om.i ni s ten n-j a 

*■ c 1- 1 1 !■ a a 1 _ a 0.1 u n 1 1 :. a r :r. :^ j a 1 1 r a 1 mr <-:./. : i :. a n 1 mp r ^ s ... n :: 

Praferab_y, tne pr la rmaceut ical conoos "i ^. 1 an :a m a 
tne r apeun 1 ca 1 ly suitacLa ca livery system. In otner preferrea 

s 0 a r 1 a , ,^ p n - 1 ^ ^ 1 : - : r. :-r am 1 n 1 r i 'a;- a t a n a 1 ^ t 0 ^.r.-^) 
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ZD- e X aiTip - e , oa s i c F jl c r c b 1 a s r G r c v; - n Factor [oFGF] :FGF-2] , 
acinic F3r^ (ai^GF) ^rGF-l), FGF-5, FGF-6, cr any FGF or 

: L r. -3 r a r. u i c e n x c i a c t c r that. s 1 1 t. u 1 a t e s e r. d o t e 1 1 a 1 cells. 
Thus, 1 c cr.fi a s P' e c t of the invention is p r c v 1 ae d a 
5 pna rrr.aceut ica L compos it ion conprisinq a truncated VRP and c^ne 
cr :tore pccenciacmc agents. Ghe pharnaceut ical compo s 1 1 1 c-ns 
:na y also be used to treat patients s u f 1: e r i no f r oir. i c c nemi c 
ccnciticnc such as cardiac infarction, cnronic cc'ronary 
ischemia, chronic lower limb ischemia, stroke, and pericneral 

10 vascular disease. Methods are a^LSO provided using the 

pharmaceutical compositions of the present invention to treat 
v;cunas, such ac dermal or intestinal wounds, 

in preterrec emDodiments, methoas are or o vide d of 
c t imu 1 at m;^^ anoiigenesis in a patient comprising delivering a 

i5 cell very vector tc^ tne myocardium of the patient by 
intra coronary injection directly into one or both coronary 
arteries, said veer or com:prising a nucleic acid m.olecule coding 
for at least one truncated VRF suounit, wnerein said vector is 
capable of ex.p res sing the truncatea VRP subunit in the 

2Z myocaroium. . 

In otner preforreri emircaiments , the method may be usee: for 
stim.ulatmg coronary collateral vessel cevelopment. 

In m.ore preferred em.bcdim.ent s , a net nod is provided for 
stimiulating vessel develcp^ment m a patient having peripheral 

15 vascular aisease, comprising oe live ring a aelivery vector to 
the peripneral vascular system of tne patient by intra- femoral 
uitery iceciicn oirectiy :ntc .~ne ■:'r roth temcrai arteries, 
-.ai- -.'e-v. - -;-:mtiicinj ti:;nccon- :v a : r: : far - r u n c a t ','Fl 



. ci;.:.^ar ie vc ^ ip;men t . 

Fref cracky tne oe.ivery vectir use! m tne invention is a 
-tuL '^^^ liver"' vectcr. In vi- oi afar re a isoect, *:he oe-iv*^rv 
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ictner prer 
; s c c J- a "c e G '/ i 



V e c t: D r 



_ o ex. . 



:s vector. 



trier ^'escric::. 



^ raw in qs 



5 -rgure 1 depicts zhe amine acia sequences of VEGF-3 [ 3EQ 

I.". KG. Ij, VRF-2 [SEC LI). KG. i;, VEGF-C :3EQ I.C. NG , 3], 
FIG? :huxan PlGr-2' ' SZQ Z.D. 4;, VEGF-3 l3iQ I. 3. NG . 5], 

pcxvrr-s GRF-3 [SFQ I. 3. KG. 63, and poxvirus GRF-3 ;3EC; 1.3, 
NG'. 3] „ lower case _errers signify signal peptides that are 

IG cleaved frcrr. tne mature protein. The eight cysteines of the 
Ci::re sequence are underlined. Sequences are described m the 
f ollo^'.vmg references: numan 3'3GF-3: Grinnond et al . , Genome 
3. e s . 6 : 1 2 3 - 3 '3 '13 3 51 ; 3 1 c f s s o n or a 3 . , Free:. N ^. t ^ . i\n^ri . 9r i . 
U.S.A. 93:2567-81 (1996); rr.ouse VEGF-E: Clcfsson et al., 3rcc. 

13 Natl. Acad. Sci. U.S.A. 92:2567-21 (1996); human VRF-2 : 
GrimiTicnd et ai . , Genome Res. 6:122-2 9 (1996); human VEGF-C: 
Joukcv et al., EMEC 3. 15:230-98 (1996;; Lee et al.. Proc . 



-92 ;19961; PIGF: Mag lion e et al.. 



M~tl. Acad. 3ci. USA 22:19 
G n c c ge ne r : 2 2 5-31 ( 1953) ; H a u s e r W e i c n , G r owe h Factors 3:359- 
6 3 (1993) ; human '/EGF2 : ?GT Acclication Serial No. 



P 3T /3.'3 3 3 / C 2 o ^ , publisned on uec ember 
po:<viru3 GRF-1 and GRF-2 : Gyctle et 
(1994) . 

Figure 2a-3f aepicts examTjles of truncated VRF ammo acid 
sequences below tne c o r r e sp onaing full 
s cu e n c e- . it*"": e ammo a ci c s e g l: e n c e s C' f 



13,, 3936, as WO 9 3 / 3 3 4 3 1 ; 
a 1 . , J . Virol. 6 B : 3 4 - 9 2 



lengtn { F/ L; VHP 



:runcaticn are 



M 3 . lb] ; Id i • 



M3 . 17 ] ; 3c ; f.^l: 



: ; 2d [SE'Z : - 3. NO. 

e:: : . ^]C . 23 ; ; 2e ; F/:. 

\ ; 2e;2) [SZQ I.D. NC' . 

^C: 1-2. :yz. 2?: ; 2r(F/-L: 

^ ; 22(2; I 3E2 2 - 2^ . NC . 

:3h:q 1.2. nc. 33] . 



: 3E2 



lS22 : . 2. NO. 20] ; 



:3:; 2d;2; I.D. NC. 24;; 2d;4) 

:3EQ 2.2. NO. 35] ( 1 [SEQ I.C. NC . 
^j; 2e{3- [ 3EQ 1.2. N2 . 28]; 2e(4) 

■SEQ 1-2. NO. 2 9;; (1) [SEQ I.D. NO. 

32]; 2f;3) :3EQ I.D. NC . 32]; and 
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1 1 1 c n 



^J C' V e 2 T r ;^ seated R : 



; £- c u *s n c e s 



runcared VRP 
/ "truncated 



In a fi,r5t aspect the invention features a 
r r.vrr:-^ \ '.^.\ r^V ■ e 1 s t r; n e r r c n n a t e d V?, ? s un u n 1 1 . 

VR2 SUE unit" It 1.5 meant a VR? subunit ha vine an amine acid 
sequence aucc tantiaily sirT\:.2ar ::o cne of the VRFs, for exaniple, 
boo not 2 cm 1 ted oo , cne of tne sequence s shown in Fr gure 2 , or 
an a n a 2 og r ce r va 1 1 ve t n e r e c f , wherein a c 2 e a 3 1 3 ne of the N - 
ternina2 ami no -acid residues N-terraina2 oo the firs:: cysteine 
of the core secuence of the mature snbunit is deleted. A. 
sequence tnat is "substantially simular" to a VRP comprises an 
ammo acic. sequence thai is at least 25"', hoirio Ic gcu s to the 3 
cysteine cere s e qu e n c e c f VEG F- 3 , c c-mp rises all of the 
essential conserved cysteine residues of. said core sequence, 
and retains VRP activity. By "truncated VR? subunit" is also 
meano a VRP subunii wherein at lease c^ne the N- terminal 

ammo a c i (f residues - 1 e r m i n a 1 t c> tne f i r s i <3 y s t e i n e of the 
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^ ^ ■: r^'H ::y "ii'/idmc trv-- n .:ncer- :■ f : 'Tien 1 1 c::. 1 :>r3icue5 by the 
T'Oti::! nurxer c:; residues and nu implying the product by 1 C Z' . 
T r. u ^ , t wo ^jp r e s of e :■: a o 1 1 y the s arr.e sequence have 1 C C % 
:_ u o n 1 1 1 y , cut s e qu e nc e s t ha o are 1 e 3 3 a i gh 1 y cense r ve c and ha ve 
de loo ions, accioions, or replacements nay have a lower degree 
ot raentity. In cai aula ting sequence identity, the two 

sequences are compared starting at the carboxy terminus of the 
N-^erminal ce^ecion. These skilied m toe art will recognize 
mat several somputer programs are available f::r ceterminmg 
sequence iceno^ty. 

Analogs ct a truncated VRP pol yclept ide or subunit are 
f unci- oral equivalenos having sim.ilar ammo acic sequence and 
retammg, t^ ^ome extenc, one or more activities of the 
related truncaoec VRP polypeptide or s^abunit . 3y "functional 
equivalent" is meant tne analog has an activity that can be 
suostituted for one or more activioies of a particular 
truncated Vr.P polypeptide or subun.t . Preferred functional 
equivalents retain all of the activioies of a paroicular 
truncated VRP polypeptide or subunio, nowever, the functional 
equivalent may nave an activity that, when measured 
quantitatively, is stronger or weaker, as measured in VRP 
I u n c 0 i o na 1 a s s a ■/ s , for e :■: .amp 1 e , s u c n as chose disclosed herein, 
in most cases, such truncated VRP polypeptides or subunits m.ust 
he i n c o r p o r a t e o into a truncated V ?: ? c i m.e r in order to me a s u r e 
funcoional activity. r referred runcticnal equivalents have 

acta vines tnat are witnm 11 to 10,0001 of the activity of the 
::'.:atO':; ::r'.:ncasec VPl 0'-.> ^ voeo t i d-^ oubmm_, mere oreferably 

r'-mv/e-r:: i:' * - V/nt-^ y r^ r a :: i o .:. v w ^ n : a ^ I'l ^.o .pj 1 ■ . 



a r O'l -..sma aecnniquo.-: aescric^ju :.e:'em. v- a ia._.:^^ae 

i:iodi f 1 ca t ion o^ccurriru; duiinq or after asanslation. tor 
■"c^molo, o'/ oao smo ry 1 1 1 on , g : y o s y 1 a t a e a , cross linkmc, 
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:t^_" \ -7: z \i 1 , merr,r r i e o 1 e c u 1 e or c *: h e r 1 i ga nc ; s e e ?e r g u s c n et 
a..,,, 1983, Ann... Rev. 3iccne-i. 5~:2E5-32Q:i . 

Specific cypec cf aerivarives c^r analogs also include 
amine a ci a a ^ c e r a c i on c such as delations, s ub s t i r ut i c n s , 
arlciticns, anc axmo acic xcdif icaoicns . A "aeiaticn" refers 
Ho Che absence of one or nr.cre anono acid residue (s.) m the 
related t'C 1 ypept lae . An "addition" refers to the presence cf 
one or no* re am.ino acre residue fs) in tne related polypeptide. 
Additions and celetions zc a polypeptide may be at the ammc: 
terminus , che car boxy cermmus , and/ or internal . Amine- acid 
"m.cdi f icat i«3n " refers to the alteration of a naturally 
occurring amino acta to proauce a non-na t ur al 1 y occurring amino> 
acio, A "substitution" refers to the replacement of c^ne or 
more ammc' acia resiGue;s) by another amino acid residue (s) in 
tne polypeptide. Derivatives can contain different 

comc'ina t ions o^f alterations including more than one alteration 
and different types cf alterations. 

While the effect of an am.inc' acio change on VRF accivity 
varies depending upon factors such as phosphorylation, 
g lycosyla tion , intra -chain linkages, tertiary structure, and 
the role of tne ammo acic m tne active site or a p^ossible 
all c- St eric site, it is aenerally preferred tnat the substituted 
amLifiO acid is from, the sam.e group as the ammo acid being 
replaced. Tc^ some extent the fcllcv;ing groups contain ammo 
acicis which are interchangeable: the oasic am.ino acids lysine, 
arginme, anc histiome; tne acidic ammo acids aspartic and 
■:L_:::amii 7;::ius; tn- nc^tril pilar am.^n::' acids serine., 
m r e : n 1 , c '/ s i •-■ :.. r. , : A : t ^ m i n e , ^ m a r i i n e a n f , - i 1 e s s e r 

;■: 1 e n , i n i :: r: :. r. - ; t n r. : n r: 1 a r ".: ^ i. r n a i , r :^ - : - .;; : : A y : ^ , 

cA/cme and a.a'~:.o^ /-re more closely relatea anc v-iline, 
: s o .;_ ^ 1 J c 1 n ■ ^ a n ^; 1 ^ u c i n a r e rr.c. re closei'/ related); and ^he 
. r ' • :v 1 * 1 - -.-^^ - ' i ■ • : 1 . ^ r : . v-^ : ; y A "A. a n 1 r. , ^ r "/r^ *: o n a li , ana c y r a : i n e- . 
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extent, and cyseeme accieeonally i^ts ente tnis group, or n^ay 
o^e ■:t::i3Si::iod .vrth the polar neuorel amrnc acios. 

Preferreo derivatoves nave one or mere ammo acod 
alteratronlS' vdnocn do O'to s i gni f icano 1 y affeoo the acorviry 
od rne related rruncatec VR? polypeptide cr subunit. In 
regions of one oroncaoec VR? porypeptlde or subunlo not 
necessary for VRP actr\^ity, ammo ac:los may c^e celeted, added 
or soosoitoted wind less rrs> ot atfectmg aotrvity. In 
regrons requore-d for VKP acolvmy, ammo acid aloeranions are 
less preferred as ohere is a greater risk of affecoinc VRP 
aooivroy. Such alterations sno^uld be conservative alterations. 
For e X amp' 1 e . one or mo- r e m ^ o ^ r ' d re s i d u e s w i t h i n the 
sequence can oe substituted by v;inother amino acid of a sim.iiar 
polarity wnion acts as a functional equivalent. 

Cc>nserved regions tend tt- oe more imp;trtant for protein 
attivity than non-conserved regions. Standard procedures can 
be usee to determine the conserved and non-conserved regions 
important lor VR? activity using In vitro m.utagenesis 
techniques cr deletion analyses and measuring VRP activity as 
cescrioed O'y the present disclosure. 

Cerivatives can be proauced using standard cnemical 
tecnniques and recom.binant nucleic acid molecule techniques. 
Mod 1 f 1 o a t i c: n 3 t c> a specific pel y pep' 1 1 ce m.a y be deliberate, as 
t trough s 1 1 e - ui r e c t eo m.utacenesi3 a:id ammo acid substitution 
during s o 1 1 d - p h a s e synthesis, or miu y be accidental such as 
thijuun met It ions -o t o t wo ion rr~'Outo "..ry-^ p o ^ %'oeO' 1 1 de . 
i" ^c/n ^-r 1 1 ^:e:- .o. i ro: 0'"i r : vo *: i ve t ::an o^:^ cot a mod us mo 

. O". .i : . ; :.: ; • ; cm o e ; ■ . ' c m c c i c c-j c ' r ^ o e c : . a :i .0 r c c '-; e t a 1 . , 

Itr oxamn b=', oi:apter i l-c:oroor: .ijccrites procedures for 

r : t e-c:^ reo too mutacenesio of moneo OMA . 
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zz i r. ver. t: i ; r , or a f unc:: i^oni l a-alc^c or derivative unereof 

1:3 aescribec riarein. Tr:e "erm ''*:runcated VR ? poiypep^zice" also 
^r;a^:.;c:^i;L: a ^aaacaiea V?.? i5acur:ii; cae nerrri sucunia generally 
raiorria^-;; to a pepaice niaa*: aas been falaed into an active 
tnrae-aixens lonal structure. 

Ey ''iruncateci VF.P" is meant a dimer of owe V?,P subunits . 
The f/w-c aucunits xay be eerived frorr. two different VRFs where 
be oh aubunioa ore tr una a ted VRP subunios. One or both cf ohe 
0 1.: b u n 1 0 0 nay o e truncated; ohe t v; o a ub u n 1 1 3 rna y also have 
aifferent N- terminal dele o lens . 

It is ado^antageouo that the truncatec VRP, truncated VR? 
oubanit, or truncated VRP polyp^eptide be enriohea or purified. 
Sy the use cf the term "enriched" In tnic contex^. ^ nneanr r-.ar 
tne specific ammo acid sequence conatltutes a significantly 
ni Cxner fraction (2 - 5 f clo )■ of the total of amino acid 
sequences present m tne cells or soluoicn of interest than in 
normal or diseasec cells or in the cells from which tne 
s e q u e n c e was t a kie n . This could be caused b a p> e r s o n b y 
c: referential r ecuct i o^n i n one amount of other amino acid 
sequences present, or by a preferential increase in the amount 
c f one specif 10 ammo acic sequence oi interest, or oy a 
ccm.b mat icn cf ohe t'wo . However, it shculc be no)ted that 
enriched does nc-t imply that there are no other amino acic 
present, just thao the relative amLCunt of the 
of interest has oeen a icnif icanoly increased. The 
rnificano'' here ic used to indicaoe onat tne level of 
10 useful o ''o-j oers.'n maoinu ouch an increase, an": 
;". -i: _^ 1 me ^: n . - 3: : . : : : _; r ■": a so 1 ■.: ^ ^ o 1 1 : . 0 ne r am_ n^' c ^ a 

.:":-:re r^c ammo aoiu seq-..enc- :"r;:m o^oer sources. The o-tner 

: ou r 0 e ammo acid 0 equen 0 e ma y , i o r en amp 1 e , c omp rise amino 
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1 ^cns : r. v;hicr: man has j^niervenec to eleva"e tne 

crcpcr-^^n I ::ne aesiir^d axirc ac:.c: sequence, 

1- us a_5o acvant:xgeou5 fc^r some purposes unau an amine 
aueu sequence ne in pijiririec surm. Tne term "purified" in 
reference to a polypepride does ncu: require absclure puricy 
(such as a hcm.cgeneous preparation i ; instead, it represents an 
irvuucatucr. chat the sequence is relativeiy purer tnan in the 
n.utura_ envrrcnmens (compared to she naturai levei thus level 

uouid oe u t least 10 fell greater, e.g., m terms c^f mg/in I ) . 
? u r 1 f 1 c a 1 1 c n c f at lease one c r c e r c f rr.a gn u t uce , preferably t v; c 
or tnree orcers, and more preferably four or five orders of 
m.agnituoe us expressly- contemplated. The substiance rs 

preferaoly free of contam.unatuon at a funccicnally s-ignif^nanr 
level, for e x amLp 1 e 90%, ? 5 , or 9 9 % pure. 

In another aspecc the unventuon features a nucleic acid 
T.clecule encoding a truncated VP? polypeptide or suounut. 

In scrr.e situations it is desurable for such nucleic acid 
molecule tc^ oe enrichec or purified. Ey tne use of the term 
"enrichec" in reference to nucleic acic molecule is meant that 
the specific DMA or RNA sequence constitutes a significantly 
higher fraction (2 - 5 fold) c-f tne total DMA or RNA present m 
one cells or solution C'f interest tnan in normal or diseased 
cells or m the cells from wnich the sequence was taken . This 
coulc be caused by a perscn by preferential reduction in the 
a m.oun t o f o t h e r DN A c^ r r.M A present, or o y a preferential 
increase in. tne amouno cf tne specific jNA RNA sequence, or 

r v a comoinsticn cf "v;u . ri'Vuvever, it shO'Ulu oe nO'no-:! chat 

■-Uii.:r:-^i ^;.j-u rii t im:..l. y "o. t h-jr-^ are n . j ctnci 1M7^ ?1-'A 
uu z^r; cos ru:osent, -uii ■u"i t lalaiiV':; imi_^>u::i i :: 

r.erm signiiicani here _s usco tC' md-sate toer r :~ e ".eve', of 
.uujuease is usetul ts ene cersen maumc such an increase, and 
n-neiii^l-/ :n--^n:^ ^ r. r r ---^ 3-^- - h-i ^ ^ --^ c"noi ::uutei:-.: -:C.:.-is : t 
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e ve n t.c r e . T r.e ze rn a 1 s go e s r,rz i np 1 y r n a t t ne r e 3 nc^ DN A 
r RNA frc:T^ .^zner sc;L_:r ::en . The ^thor source DNA may, fcr 
-:-:a:r.p ..^a: , jonor.Lss CNA Lro:n yeasi rr bacterial cencne, or a 
:^:oinc vecoor oucr. as Z'::Z19 . Tl^^s oerx cisoincurshes rrom 
o n a aurally o-oourrrng evenos, such as viral infection, or tumc'r 
" y P*^ '? r c w t h 3 , 1 n v; h i ch she _ e ve 1 of one rr.RK A raa y be naturally 
increased relative to coner species of mRNA . That is^ one term 
13 meant oc C':ver only those situations in which a persc'n nas 
Intero'eneh t :) elevate tne orc*portion cf tne desired nucleic 

10 acid. 

It 13 also advantageous r o r s erne purposes that a 
n.^olootido sequence ce ir. purified form. The term "purified" 
n reference to nucleic acid m.olecule does not require acsclute 
purity (sucn as a homogeneous preparation) ; instead, it 
15 represents an indication that the sequence is relatively purer 
than m the natural envirc^nment ; compared to tne natural level 
this level should be at least 2-5 fold greater, e.g., in term.s 
OS mg /md ) . 

The nucleic acid rr.o e c i; 1 o ma y h- e constructed from. a n 

11 ems ring VRF nuclei' tide sequence oy modification using, for 
enam.ple, oligonucleotide s 1 1 e -ai re ct ed miutagenes is , by 
deletmcr sequences using restriction enzymes, or as described 
herein. Standard reccm.bmant techniques for m.uta genes is such 
as in -.'^irc site-directed m.ut agenesis (Hutchinson er al . , -1^ 

2 5 7: lo'^ . Chem. . 2 5 3 : 6 5 5 1 , ■ 1 1 ^ 1 ) , S amO' rook Gt: a 1 . , Chapter 15, 
cupra; , use cf TAB o linier3 :?3armacia), and PCR-directed 
"SI 1 a -T-n-r s 1 s lan he s - • : " iroa^-^ ~ \ m'.;o a t on s . The oleic 
n : ■; ^ i - [ n/i •/ i s .".^ s -/n ^. no c i s- a :: \* t n-? i s - a o e r me t n oc o i 



re ooc^n i nan*: CN7^. exnression vectors preferably m a cell or an 
o raanism. . The rec omo i n a n t DMA o'e ^ t o r s ma y contain a s e gu e n c e 
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r P. s c ri c 1 1 c P. i n ^ n o s cell. T he r e c one i n a n r, DN A ve o r can 
i:cr:ca:Ln a cranscricricnal initiation region functional m a 
cell anc a t r an o c r lot i ona 1 t rnima z i on region functional m a 
cell . 

The present invention also relates to a cell cr crgcanism 
that con tamo the aoo ve-de s or ibed nucleic acid molecule or 
re comb inane I'NA vector and thereby is capaole of expressing a 
truncaoec VRl peptide. Tne polypeptiae may be purified from 
c ells w n 1 c n n ao' e bee n a 1 1 e r e d t o e :-:p r e s s the po 1 ypep 1 1 de . A 
cell IS said to be "altere'd to express a desired polypeptide" 
when tne cell, tnrougn oenetic manipulation, is m.aae to produce 
a protein wn i c h it n c rma 1 i y does net produce or wn i ch the cell 
nc' ma 11-/ prccuces at lower levels. One skilled in the art can 
readily adapt procedures for introaucing and expressing eitiher 
Genomic, cDNA, or synthetic sequences mro either eukaryotic cr 
pro ka ryot lo cells. 

A nucleic acid molecule, such as DKA, is said to be 
'tcapabie of expressing" a pel ypep rice if it contains nucleotide 
sequences v;hi ch contain transcriptional and t rans 1 at i onal 
regulattry information and such sequences are "operably linked" 
to nucleotide sequences whicn encctce the polypeptide. The 
t'recise nature cf the regulatory regions needed fc»r gene 
sequence expression may vary from organism^ to crganismL, but 
shall 1 n general i n c _ u a e a p r C' m^C' o e r region won i c h , i n 
Ciio ka rycoes , oonrams boon tne promcoer (whicn directs the 
initiation c f R N A t r a n o o r i p 1 1 o n > as v;e 1 1 as t h e TN A sequences 
wl'iicn, when orans ir i:::-n.i mti ?.!\ A , v;ilL si;nial s y n t o ■"r s i 
- n ^ e ^- a z ^ on . ::.^z:': reo: ^:n.: on ^ n u:m:illy inc^vo,'*:; tnooe "^'-nor^- 
■ : r. o no n o '/ .; 1 :■ : .v ^ n : i e : 1 1 o .. ■. :: r "i o o r i p ^ .:. : n 3 n 

oequ^-^nc-, ^^nd tne lioe. 

TO'O exar:u:Le, tr^e enoire ^ocloo sequence j'~ a truncate'.: VR? 
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f c; r 'J c expression: 1 ' an e :-: c g e n c u s p r ox.c r e r sequence ( 2 } a 
riccscrre cinding site [2- a pc _ yaceny la t ion signal (4) a 
secrericn signal. :-'c. d i f i aa 1 1 ons aan oe made m tne i'~ 

uni::an:5laiec and I'-annranslaiec 3eau encea to improve 
e:-:pressran m a proiaryaiia or eurcaryct-C cell; or codons may 
te modified sucn thai while they encode an identical amine 
a c _ a , that c c> d o n m. a y r: ' e a preferred c o d c n i n the chosen 
expreasicn systern. Tne use of such preferred ccdcns is 

cescribec in, for enample, Grantham et al., Kuc . Acias Res . , 
(1981), and Lathe, J. Mol. Biol. , 135:1-12 (1585) 
nereby :. nc o rpo r a ted by reference herein in their entirety. 

Ii aesired, the ncn-ccamg region 3' to the genomic VR? 
sequence may be operably linked to the nucleic acid molecule 
encoding such VRP subunit . This region may be usee in the 
recombinant DNA vector for its transcriptional termination 
regulate ry sequences, such as termination and po 1 yadenylat ion . 
Thus, by retaining the 3 '-region naturally contiguous to the 
CNA se'ouence encoding a VRP gene, the transcriptional 
term.i nation signals may ce proviced. Alternatively, a 3' 
r'^:g:cn functional m the host cell may be suC'St i tuted . 

An operac'le lin;-:age is a linkage m wTiich the regulatory 
Hi A sequences and the fNA sequence scught tc: be expressed are 
Cvonnectec in such a way as to permit gene sequence expression. 
Tv'r. jKA sequences (such as a prorT.cter region sequence and a 
truncated VR? sequence) are said tc oe operably linked if the 
nr^ture of tne linkage hetv;een the twc' jNA sequences does not 
: ^eH-.::.t .^t tne i n " r ou-..: 1 1 _ : :. of i r imo - c h i f " mutation rn -h- 
; :\ o o que n o ^ , ( i. n t -u- r e r ^ w 1 1 n t . ■, - a r 1 1 1 1 •/ : 0 r: e t' r o mc :: a r 

truncated VRP gene sequence to be transcribed ioy "he promoter 
reaicn sequence. Thus, a promoter region v;cula be ooeraoly 



wo 4^>3(l(» 



PCX L S^>8 07801 



i ^run^^ated 7?.? gene, t r ^ins 2ript:i.cnal and r rans ^ a t: lona 1 signals 

re::ogniz-3a oy an apprcpria^e hcs:: are necessary. 

E xpress i?n and Pu r i f i ca icn c t" Novel Truncated '/P.? Sequences 

Examples 1 and 3 descrroe tne expression ana pur i f i car r on 
r cr novel cruncacec VR? sequences of the present cnventron as 
expressed in caculcvrrus syste.T.s. Those swelled rn the art 
will r e c c q n _ z e that the truncated VR ? s c f the present i n ve n t c c n 
xay aisc be expressed in other ceil systems, bcth pr c '-car yot i c 
and euxaryctic, ail cf which are wcthon the scope of the 

10 present ^n vent con. Exarr.ples provide exanc>le3 cf suitable 

assay 3 for functcona_ activity cf the ncvel truncated VRPs . 

A ^ t h c u c h tne c r u n c a t e d V F' ? s of the p r e s e r. t invention :ria y 
be e X o ^ s e in ^ ,^ y nt i r-. < ^ ' ^ , w h i o h R rf^. g R n e r a 1 vy very 

efficient and convenient for the production of recomoinant 

15 proteins, the truncated VRPs prc-cuced oy such cells v;ill not t^e 
glycosylated and therefore may have a shorter half-life in 
vivo. ?r<:)k:aryotes most frequently are represented by various 
strains of E . coll. Ho we ve r , other microbial strains ma y also 
be usee, including other bacteria^ strains. Recce nized 

2" pr oka ryot ic hosts include bacteria such as E. coli, Bacillus, 
3 t rep tcmyces , Pseudomonas, Salmonella, Serratia, and the like. 



The prcr:aryctic nost must be compatible with the repliccn and 
ccntrcl sequences in tne expression plasmid. 

In C'rokar-/c-t ic 5- y stems, plasmid vectors that cc-ntain 
replica lion sites ana ccncrol sequences derived from a species 
compatible wich the hC'SC may be used. Exam.ples of suitable 
::^-:i-m:;: -/ecccri xa. ^nc-uuc oRRlll, p7'":il-. o'JTll9 and tne 
. : c :i c i e r ^ c p c a : e venters xay mcluo-^ ^'ctl:;, 

rc'-, vr'P ; -"n\ c tne ^ ^ . r^referaoly, rr.e selest-jC vecrc'r oi ::ne 
rces-r"- : "■^-n r res ^.r.-- ri:inci i .: rcrlisa^c m tne selectee 
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r. e c e s s a r v r r: c e r a c 1 y i ^ n the truncated VR P sequence to a 
::L:ncticna^ pn-karyttic prcxcter. Such C'ronc'ters may be either 
constitutive or, more preieracly, reculatable .;i.G., inducible 
or derepr^ssic.le, . E:-:amp-i e 3 at constitutive prcrtoters inciuce 
tne mi p remoter of bactem:phaqe a, the bla promoter of tne 
p-iactamase cene sequence c;f pB?:322, and tne CAT promoter C'f 
tti- onl oramprieni 00 i acetyl t r ana f erase gene sequence of rPR325, 
anc the like. Exam.ples of inducible prc-karyotic prc-moters 
inc_U(::e trie major: right and left prom.cters of bacteriophage X 
[^ ■_ md r- ' f the trtu recA^ /.acl, AacI, anc cal o remoter s c f E. 
cc^_, the a- amylase ;21manen at al., 1. 1-acteriol. 1^^:176- 
1 2 2 ; 1 9- 5 5 ; and the g - 2 3 - s p' e c i f i c p r cmLC t e r s of E . s ub tills 
;Gilman et at., Gene sequence 3 2 : 1 1 -2 3 ( 1 9 6 4 ; j , the promoters cf 
tne bacteriophages cf Bacillus (Gryczan, In: The Molecular 
Biology cf the Bacilli, Academic Press, Inc., NY (1982)), and 
S t rept om.yces p'romoters {Ward et at., Mc 1 . Gen . Ge net . 203: 46o- 
4 1 s ;1 936) ) . Pro kary otic promoters are reviewed by Click ; J . 
Ind. Microbiot. 2 : 2 " - 2 E 2 ( 1 9 3 7 ) W Cenatiemcc (Biochimie b5:5C5- 



! 1 6 ( 1 9 8 6 ; ,) ; a n c G o 1 1 e sna n ( Ann . Rev. Genet, i d : 1 1 5 - 4 4 2 



X J C H , 



"roper enpressicn in a pro kary otic cell also requ:^res tne 
presence z>f a rioos ome b 1 n d i n g site u p s t r e a m^ of the gene 
sequence-enccamg sequence. Buc.t rioosom.e binding sites are 
disclosed, for example, by Gold et at. ( A.nn . P;ev . MicrooiO'l . 
2 5 : 3 c 5 - 4 C 4 21 5 3 1 ; ' . The r i b c s c m^o- b 1 no i n g site and other 

3 e q u e n 'Z e s r e q 1 r e d f o^ r translation initiation are ope r a o 1 y 
llnk--'i to tne nude 11 acid molecule coding for the truncated 
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prcceny. Thus, tne words " :: r ans f o ma" t s " or "transformed 

cells" ISC lues sne criT.ary subnecs cell and cultures derived 
s h o r e r r c n , w .:. t h ou s r e c a r d t c t: n e n umb er of rransfers. 
T rune aces VP? pep sices expressed sn pr oka ryot is cells are 
5 expecsec so ccnr.prise a Tiixsure of properly truncated Vr.P 
peps ices with one M-serniinal sequence predicted fron tne 
sequence if she expression vector, and truncated VR? peptides 
which nave an N-ternLinai siethionxne result mo from inefficient 
cleaving of tne inisiation m.ethionme curing cacseriBl 

10 expression. Bosh sypes of truncasec VRF peptides are 

considered ts oe within she scope of the present invention as 
she pres^^nae. of an N-serrr.inal methionine is not exp-ected to 
^fr-^r-r oi'-logical activity. it is also unaerstood that all 
progeny may not be precisely identical in DNA content, due to 

15 deliberate or maaversens mutasions. However, as defined, 

mutant progeny have the sam.e f uncsionality as that of the 
originally transformed cell. 

Preferred proKarycsic vectors include plasmids such as 
chose capable cf replication in E. coil ;such as, for exam.pl e, 

20 p5R322, ColEl, pSClCl, pACYC 184, zVX . Such plasmids are, f-r 
e X am.pl e, aisclosed oy Sam.br oos (cf. "Molecular Cloning: A 
l^aoor story Manual", secC'nd edition, edised by Sambrcc'-:, 
Fr 1 1 s c h , M a n i a s i s , Cole Spring Harbor Laboratory, 1 9 8 9 ) i , 

Bacillus piasmids include pC194, pC221, pT12'^, and she like. 

2 5 Such plasm.ids are disclosed by Gryczan (in: The Molecular 
Biology of the Bacilli, Academic Press, NY ;1982j, pp: . 307- 
^55^. Suitcsl--. 5- rss-^mvs -s slssmids ^s-^cluie :;i:i:: ;r'-noai: 
■ a _ . , ' . yT- -^^ ;^ _ ; ^ : J : ■ - ^- 1 " : .. 1 " 5 ' , r. o - i ^ ~ c^} 

r :.pr. s-.i:s 4^55: , 'Ir.-^z^r y ,1., I:.; S.:xi:-: 

.: A: t.^■; r'o 1 1 1 on^ . Symposi _ss z:\ As 1 1 nc:sy se s a _ e s Biolcc;y, Assoemia:. 

hsids, Buaaoess, Hunuai'.- :1935:, pp. 45-5 -K. IseuucmC'nas 

plasmids a r--^ -.-v^ev^fd by J'lhr " -3 1 . (Rev. Infect, sis. ?:€05- 
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ELu ka ry ")t 1 :: r.os^^ cel'^.s v;hicn may ce used in tne expressicn 

z r o V 1 ae d *i h a *: *: h ^; \' are 3 u r *: a fc 1 e for use in r r e e :-:p r e s s r o n c f 
Tire t:runca^;ea V?? pec ride. Preferrea eukaryotrc rosts rnciuce, 
z f:r exaxple, yeasr, fungi, msecr cellr, inamTialian cells ei*:her 
ir viv;, or in tissue rulture, Mamr^alian cells which may be 
useful as r.0 3".3 induce He La cells, cells cf fibrcfclast cricm 
s u c n a s V EP.C c r C HO ~K1 , c r ceils of 1 ympho id origin and r ne 1 r 
der i\"at ives . 

10 The truncated VRPs of rhe presenr invenricn may aJ.sc: oe 

e M p r e s s e ci 1 n n u ma n cells such as h uma n emo r y o kidney 293 Z 3M A 
cells which express Epstem-Barr virus nuclear antigen 1, as 
d G i b G o f r-. ^ a xamc 1 c in 0 1 o f s s o n 3 . e t" a 1 . ? r c c . M a 1 1 . 
Acad. Sci. USA 93:2576-2581 (1996). The cells are transfected 

15 v;ith the expression vectors of Example 2 by using calcium 
phcsphaoe precipitation, and the cells are then incubated for 
ai ^east 43 nours . The truncated YRP peptides may then be 
purified fro>m. the supernatant as described m Example 3. 

In addition, plant cells are also avaiiab_e as hosts, and 

2 0 ccjntrol sequences compaoible with plant cells are available, 
s u c n as t n e c a u 1 1 f 1 o v;e r m.o s a i c virus 355 and 1 ? 5 , and nc p a 1 1 ne 
5 vntnase prc:Tjcter a no polyadeny^at ion signal secuer.ces . 
An o n n e r r:> r e f e r r e d hose is an insect cell, for e x amp i e the 
Irosophila larvae. Using mseoc cells as hoses, the DrC'Sopnila 

2 5 alconol dehyorooenase prcm.ooer can be usee. Rubin, Science 
c^h": 1453-1451 '1-^33' 



in also o r o V 1 d^ ve r e f r ]. c i e n t t r a n s c r i o 1 1 c n a 1 



i : a ■:!vin-:ao.^ 
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A 7. -mo-a r c f re c Dmb m a n t D N A s r a *: e q i e 5 e x i s v; h i c h utilize 
strong pronoter sequences ana Yi^gh copy number c plasnras 
■-vhrun can be ucilized for prcuuccion oz rhe aesirec proteins m 
y e a 3 o . Y e a o o r e c c c n r z e c leader sequences on c 1 z ne n manma _ r a n 
^ gene sequence products and secretes pep trdes oearing leader 
sequences ^r.e., pre-peptrd'es . For a xamnalian host;. several 
possible vector systems are avaolaole for the expression of 
truncaoec '/R? peptides. 

A woce variety of transcriptional anc t rans 1 a t i onal 

10 regulacc'ry sequences may ce employed, depending upon the nature 
of one host. The t rans or ip 1 1 o-na 1 and translational regulatory 
sicnalc may be de rioted from viral sources, such as adenc'virus, 
bo'vme papilloma virus, cy t ome ga 1 o^ v i rus , simian virus, or the 
1 1 i-ce , wne r e the regulatory signals are associated with a 

13 particular gene s e quen c e wh i c h has a h i gh 1 e ve 1 c f expression. 
Alternatively, promoters from mammalian expression products, 
such as accin, cO'llagen, myo'sin, and tne like, may be employed. 
Transcriptional mitiaticr: regulatory signals may t^e selected 
which allow for repression c>r activatio-n, so that expression of 

2 0 the gene sequences can be modulated. Cf interest are 

regulatory signals which are temperat ure-sens i t i ve so that by 
varying the tem.perature, express icn can k^e repressed c-r 
initiated, or are subiec^^ zo cnemical (such as metaboiite) 
regulation . 

2 5 Expression of truncated VF.Ps m eukaryotic hosts requires 

the use f e u > a r y c c i c regulatory regions. Such regions will, 
m ceneral, induce a pr.victer rcvT^^in c'.:fiic^ent to direct the 
. :■. ^ t _ 1 1 1 : n ■. i - M - .J' y n ^ r. -t s :. c . "tore r c ^ u k a r '/ o t i. o :: :: rr.c *: e r s 

: . r ■ h ame i 1 ^ ■ A;.p . ler> . i:^ 

1 " r ; 1 r ^ ; . ; t e T o- 1 t e r r ; i -t r p e o v i r c ; M c K n i g n t , Cell 
11: 2 55-165 ' 1 1 5 1 ' ; tne :'l'-'" '^ar.!'/ C' remoter ;ienO'ist et al,. 
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:JSA' '7 9:o^^''^'6r'^'-z[l9S.:.,; Silver er al., Free. Natl. Acad. 



. JSA^ ^::5951-5555 '.193 A) } . 

Trans^aeier; e*f eu-:aryeeer t:RNA le inieiaeea at the ee^dor; 
which en cedes ene first rriet hicnine . For this reason, it is 
preferable tc ensure that the lin-:ace c^etween a euka rye-tie 
c remoter and a DMA s^^G'ce-r.ce which encodes a truncated VR? for a 
runctrona_ derrvative tnereoi; aces not contain any intervening 
ccGonc v;hrch are capable of encoding a methionine {i.e., AUG) . 
The presence of seen ccdcns results either in a formation of a 
f u s 1 'O n protein (if the AUG c o d c ri is in t n e same reading frame 
as tne truncated V?,P coding sequence i or a frame- shift mutation 
;if the AUG ccGon is net m the same reading frame as the 
truncatea VHP cc:dinq sequenced . 

A truncated VRP nucleic acid m.olecule ana an ope r ably 
linked promoter may be introduced into a recipient prckaryctic 
or eukaryotic cell either as a ncnrepl i ca t mg 3NA (or RNA) 
molecule , which may either be a linear molecule or, more 
preferably, a clc*sed eo\'alent circular molecule. Since such 
molecules are incapable of autoncir.cus replication, the 
expression of tne :^ene may c^ccur througn the transient 
expression of tt:e introduced sequence- Alternatively, permanent 
expression m.ay occur thrcugh tne integration of the introduced 
DN A sequence into t h e n o c t c h r c mc s ome . 

A vector may be emplo\'ed v;hi on is capable of integrating 
the desired gene sec'ser.ces into the host cell cnromosome. Sells 
v;hicn have stably integrated tne mtroducec SNA into their 
jh r -I'moi 1 (jme s ei:. spi_'^:ee"^ i . s :■ intr'ocuc„nc one o ::;cre 

riiike::^ wn:. e. aii w i e e _ _: t ,_ n ... :: hv..:i ee^A- which ...iviiain 

:C-:p r ess 1 1 :-. ■/cctir. i" ::;:r-i;/ :e..c_/ ee^c/i.iv: .:: r p r ■: ^ r p h y 

■: :■ ne_i^-y meta.^s, suen a i:; cc pp^er, ^c" ^i-' ^i-:e. The selectable 
m a r k e r gene s e c u e n c e can e 1 1 n e r c e a i r e c 1 1 y 1 i n e d t c t h e D^J A 
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neeaea for cp~2_nal yr.zr.es :.s oz single chain cinding pre in 
n.F.NA . T :\ese c- 1 '^:r.en t £ a y r nc 1 u de 1 _ce signals, as well as 
1 ranr 2 r ipn ion prcxcners, enhancers, ana termmanicn signals. 
'-jKA e:-:pressicn vectors mco rp c r a i i ng such elements incluae 
cnos- aescricec cy OKayarra, Molec . Cell . Biol . J:2S0 (1983}. 

Tne inorccicced nnc^eic acic molecule can be inccrpcratec 
- n t o a p i a 3 m i d or '/ 1 r a 1 '/ rr c t o r capable c f a u t c> n <d mo u s 
rec'l 1 cat i on _n the recipient host. Any of a wiae variety of 
V e c t o r s m a y b e em.p loved for this purpose. Factors of 

11 imciortance in selecting a p: articular p las mid or viral vector 
include: the ease with v;hich recipient cel^s that contain the 
vector may ce recognized ana selecoec frcm tnosc reciri'ient 
c ells wn 1 c h co n o z c o n t a i n t h e v ~i c t or; t he n um.ce r if copies ^ ^ 
the vector vhicn are aesired m a particular host; and wnetner 

15 ic IS desiraole OC' r-e able ti "shuttle" the vector between hi>st 
cells cf aif f erent sp-ecies . 

Preferred eukaryotic plasmids include, for example, BPV, 
vaccinia, 3V40, 2 -micron circle, and the like, or their 
derivatives. Such plasmids are well rincv/n in the art (Bot stein 

20 et al., Miami Wntr. Symp. 1 9 : 2 o 5 - 2 7 4 ( 1 9 S 2 ,> ; Broach, In: "The 
Xclecu_ar Biology of tne Yeast Sa ccnar omLV ces : Life Cycle and 
Inheritance", Cola Spring Haroor iabcratcry. Cold Spring 
Fiaroor, KY, p. 441-47: ;i9Bi;; Broecn, Cell 2o:2Ci3-204 {1982); 
Eollon et al . , J. Clm . Hematol. Oncol. 1(1:39-48 (198C); 

2 5 Kan i a 1 1 s , In: Cell Biology: A Comp r e n e n s i v e Treatise, V o 1 . 3 , 
Ge r.e S e <':u e n c e Bx p r e s s 1 c n , A.c a aem i c Press, MY, pp . .563- 

f : 1 ; 1 99 0 ' . 

-■n'^-"- Z:\-:: ^:zzz:r^ :z nuci.ei^ a c i :r:^lecul- _cnia_n_:ic me 



y c f r 1 -r :.: y o " c u nab- 1 - :r.e : j n s , i.e., i r a n s f o rma i n , 

c r ans f ec t ion , cc n j ul; a t ^ c i: , proooplast fusion, e ^ect r opera 1 1 on , 
y r ^ 1 c 1 c u r-i ^ z. ^ n n c 1 :■ y , L : o f s ^n o n , c a 1 : i m p n s c n a t - 
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z r ar.s feczicr. , ar.c zhe Ij^ke. Tr.e ?:.csz effective meihcc for 
zrar:3Leczicr. zz eur:aryct_c ceil Icnes wich piasmid DNA varies 
wich che civon cell cype. After the int r cduc t ion of tae 
vector, rectptert cells are grcv;r: in a selective medruT., whi cn 
.ie-^ects for tne growtr cf vect c r-ccntarriir.c cells. Express iC'n 
of the cloned gens rr.clecule ■: c ; results in the production of 
truncatec VR? cr fragments the reef. This can take place In the 
transformed cells as such, cr fcll:v;inc the incuctlcn cf these 
cells tc cl f fe rent tat e Jfor example, by admrnistratlcn of 
c ronodeoxycrac li t?j nearer last crr.a ceils cr the liKe) . A 
variety cf mcaoation conditions can be used tc fom the 
peptide of the present invention . Tne most preferred conditions 
are tnose wnich mimic phys iol.ogi ca L conditions. 

Production of the stable t rans feet ants , may be 
iccomplisned by, fcr example, trans feet ion of an appropriate 
cell line v;itn an euxaryotic expression vector, such as pCE?4, 
m which the cocmg sequence for the truncated VRP pclypeptiae 
or cubunit has been cloned into the TLultiple cloning site. 
These exp re s s i on vectors contain a pr omot e r region, such as 
the hurrian c y t om.ega Ic vi ru s prom.oter (CMV), tnat drive hicn-ievel 
transcription cf desirea DK A mo 1 e cu 1 e s in a va net y o f 
mamir.aiian cells. In additic-n^ these vectors contain genes for 
the selection of cells tnat stably express the DN A molecule of 
interest. Tne selectaole m.arxer m the pCE?^ vector encoaes an 
e n z ym.e that confers resistance to h y g r omy c in, a m.e t a oo 1 1 c 
mnibitor that is ad dec to the culture to kill tne 
ncntransfecteo cells. 

Ceils snc^; :\zz': siao^y m MCtciit-:',; tn^- t r c: n s : e c t INA 

osscribec acc\— , a:::: hi -r-A --A \ 1 mc w :A : r--^ rr^cucii r y 

e >: C' a s - c n c : r - s i s t a r. t c c ^ ^ n i e c . Tne e x c r e s s i c :^ or tne 

1 1" '.: n c a 'T e o V R P s lu^; A cy those cel^ _ines vvill b'e assessed ry 

- v; 1 o n n vh r 1 :: 1 c 1 1 : r : an-: i: ^ ■ r t n -^u: n c :. ^- *■ a n a A/ s i c . 
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to pro V ace trun::ated VR. ? 
ble for therapeutic use. 
prcvrces a xethcG fcr 



patient r y aamir a s t a r i ng a 
of pharmaceut iaa_ ccmpcsiticn 



t aer ao^eut a aa^^y effective arncun: 
a or^LO r a 3 a p^Q a t r ua a a t e d ? 

by " the rapeat acally etfeatave anoaat" is meant an amount 
of a aorapcunc which prcaucea the aesare<i therapeutic effect m 

10 ^ patient. For e xa rr.pl e, in reference to a disease or disorder, 
It 1 a t n e a xc u n t which reduces t o s cTie extent c n e or mo r e 
symptoms of the cisease or discrcer, and returns t<: normal, 
either partially or com.p 1 e t e 1 yy phy s i c 1 cci ca 1 or bioch f^n ' a-- 1 
param.eters assoaiatea cr causative of tne disease or cis order. 

15 When used to t ae r an^eu t i ca 1 1 y treat a patient it is an amount 
expectec to be between C.l mq/Kc tc 100 mg/kg, preferably less 
than 5 0 mg/kg, more preferably less than 10 mc/kg, more 
preferatly l.ess than 1 mg/kg. The ax-ount of coTLpcund cepends cn 
the age , size, and cisease a sscciat ed with tne pa t rent . 

2 0 The ootimal. form.ulation and mode of administration if 



1 



Zclczoz 3 Known 1 n tne art sue n 
oiaorcer, tne desired effect, and th- ^ 
the c impounds will typically be used 



particular cisease c^r 
type of patient. While 
o treat h uma n p a t i e n t s , 



may also be used tc treat similar i^r 
: vertebrates such as ether p r im.a t e s , 



1 de nt^cal diseases in 
farmi animals such as 
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:ro^:^^irn. 3 fc-rxs sh(^ulc allcw the agent cr zompos^tizr, zo 

reazn a zarz^z cel^ v;he::her the t^irget csll 13 present m a 
rn u 1 1 X e 1 1 u 1 a r r. c= s t or in culture. t" t r e x a mp ^ e , h a r accl<igical 
a'.jents cr aampositions iniected rnto the bloc-d streaT. shculc 
z :jc^uh^e. Cther factors are known in the art, and include 

tons i de rat runs such as t oxter ty ar.d forms vihrch prevent the 
zr^en^. cr c ^rr.pc s i t r cn fron exerting its effect . 

T he c 1 a a rr-.ec. c c mp c rata o n s can also be f o r mu a a t e g as 
on a rmaceu 1 1 ca ^ 1 y accept trie sa^ts ;a.c., a cad acdataon salts;; 

10 and /or complexes thereof. Pharmaceutically acceptable salts 
are non-toxac salts at the concentration at which they are 
auminr stereo . The preparataon of sucn salts can facilitate tne 
pharmacc^ IC'Ci cal use cy altering the pn y -d 1 -.^hem.i ca 1 
character a 3 t ICS of the composataon without preventing tne 

15 ccmp'OS-taon from exerting ats pnysaolocacal effect. Examples 
of useful alterations an physical prcpertaes include lowering 
the melting point to fact lat ate transmucosal administration and 
mcreasanc the soiucility tz* facalatate the aaministraticn of 
higher concentrations of the crug. 

2C Pharmaceutically acceptable salts an elude acid additi::n 

salts such as tnose containing sulfate, hydrochloride, 
pnospnate, sulfonate, 5ul.famate, sulfate, acetate, citrate, 
lactate, cart rate, m.e t hane 3 u 1 f cna t e , et hanesul f ona t e , 

t' e n a e n e s u 1 f o n a t e , P~ - j 1 u e n e s li 1 f c ri a t e , c y c 1 o 1 e xc/ 1 s u 1 f o n a t e , 

a c y c 1 o n e x y 1 s u 1 a ama t e ana qu 1 n a t e . Fha rma ceu tic ally accept a isle 
salts can ce obtained from acics such as hydrochloric acio, 
a a 1 f u r a a a c a 1 , p h o s z h r : a ^: 1 d , s 1 f o n i c acid, s 'i 1 r a m 1 a c o , 
: ^' a ^. :. .1 .: L , _ 1 1 1 ": r- c : ; , h i c t : a 1 a 1 0 , t a r t a 1 ^ :; acid, r. a 1 z n 1 c 
. .* 1 .": , m--' a :a-^ a 1 r " n a : aci::, - t ha no s a : :^ n a .: Tir^aa, 

cyal.jcne:-:y Isul f an ^c .^cid, c y c 1 one xy- s a 1 f am : c ac^d, and qa:.nic 
acaa. 3-aa salts may no pre t' area oy, rcr eMtmple, reactinc the 
lae-.' a:: 1 ; r rase larrma v *;he ::rC'::".a::t wiin one a^r a^^-^ri 
: g 1 n 1 a - . : ' r.^. a or r u': r : a 1 aa:-:' vr a a i z:-iz-z:.z r 



wo ^)S, 4M3()n 



rr^edi'^r^ ^r. wn:..zr: me sa^z is i resoluble, or zr. a solven': such as 
■-vater: wni i c then removed _n vacuo or by f reece-drying or by 
euciicnqxuq che icns cf co exiccroc sale for a no c her ion on a 
socTiacle ic:r^ e:-:cnange resm. 

■da more c r excic ienc s car. a is g be used to facilioate 
a d m i n i s 0 r a t i c n c f the compound. Examples C) f carriers and 

ircluce calcium carbonate, calcium. phosphate, 

ulucose, or sucrose, or types 
z.z starch, cellulose derivatives, gelatin, vegerable oris, 
10 polyethylene glycols and physiologically ccm.patible solvents . 
The compositions or pharmLOceut ical ccm.positicn can be 
a:cmLiniste rec oy elf f erent routes including intravenously, 
1 n >-,3 r^t^ >" : - ea ^ , subc v. " --o^ ^<^^ ^ ? ,- nd m t r am.us cular , o ra L 1 y 

tipically, or c r ansmucosa 1 1 y . 
15 The desr red i so tonicity m.ay be accc^mplcsned using sodium 

cnioriae or otner pha rm.aceuo i ca 1 ly accepoable agents such as 
aextrose, boric acic, soaium tartrate, propylene glycol, 
po-lyols (such as mLannitcl and sorbicol), or other inorganic c;r 
organic solutes. Sodrum^ chlorrde is preferred part ocularly for 
2 0 buffers containing sodium, icns. 

T he c ompo u n d s c f t h e i n ve n 1 1 o n can be f o rmu lated fir a 
variety or mLOces of adm.i ni s t r a t ion , includonc systemic and 
t:jp^cal or localozed admi n r s t r a t ion . Techniques and 

t crm.ulatoons generally may be found in Remi r.gtion ' s 
2c Ptiarpdaceutxca 1 Sciences', IStn Edition, Mack Publishing Co., 
E a s t o n , FA , 19 5 0 . See a ^ s c I'^a n g , Y.J. a nd K a n s o n , M . A . 
" ri'O to r 1 i :rmu 1 a 1 1 m s c: in no ins and Peotiaes; 3tabil:. ty 
' ■ ^- ^ ^ iron, " ; cu rn. :i 1 r : Iri ronj_ r r i ^ d c: 1 e r: c o an ::i To '"ligic^lyic y , 



;ner r:r eacn par:, on t i n :i i '/i a u a 1 1 y , 

cycremic acmi n i r t r i t i c n , m^octicn is preferred, o.c, 
c: di 1 , m c r I'/o C'"; o . ■ , i o ^ r e r, e r 1 1 cno 1 1 , c ohoo ^. a n*-^ co 
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■^'nccunds ct Lrr/enzLir. are f d rmu L :i nea m liquid sclazicns, 

P'T-z r eraoly in pny s 1 3 1 ^ ^ i 1 1 y comparicle buffers such Han/i's 
J . u 1 o u o r R in q e r ' s s o 1 u r i c n . Al ~ e r n a ii ve y , the c c xpc uncs o f 
r.^-r :. nventicn are r 3 mala red m ona Dr mere exairients (a. 7.^ 
^ nri^py^ene glycol' that are general Ly accep^ea as safe as 
le lined by US? stancaras. They can, tor example, be suspenaed 
m an inert cil, suitably a vegetacle oil sucn as sesame, 
p^aunut, olive oil, o:- athcr acoepiacle carrier. Preferably, 
tii"'y are susptrnae^i m an aqueous carrier, for examp'le, in an 

1.0 13 r: tonic oufter solution at a pH cf about 5.6 to 7.4. These 
compcsiticns may be sterilized by son vent lonal sterilization 
lecnniques, or xay be sterile filoereG. The compositions may 
ccnoam p ha rmaceu t 1 ca 1 1 y accent aole auxiliary sucstances as 
requi-recl to approxim.ate p hy s 1 o ^og ica ^ conditions, sucn as pH 

15 buffering a g e n 0 s . Useful buffers include for e x amp 1 e , s o d i um 
acetate /ace tic acid buffers. A form of repository or "depot" 
slow release preparation may re used so that ther apeuo i cal iy 
er receive am.cunts o>f the prep sr at ion are delivered mtc the 
bdooostream over man^' nours or days following iranscermal 

2" mi action or delivery. In addition, tne compcunas may be 
rormulated in solic form a no reazs solved cr suspended 
immediately pric^r to use. Lyophilizeo form.s are also included. 

Systemic adm.in is oration can also oe by t r ansmucc>sa 1 or 
t ^ins de rma 1 means, cr tne m.ole cures can ce administerec orally. 

11 For trans mucosal o^-r orans dermal a omin. s t ra 1 1 on , penetrants 
1 p c r o c r 1 a t e to tne barrier 00 re permeated are used 1 n the 
1 : 1 :r. u 1 a 0 i. o n . 1 rir I': o e :~ o o r a :^ t :^ are e r. orally 1 n o w n r n tie 1 r t 

1 L.'^'. :: 11 o _ 1 . _: : o : .:e r _ ^ '/ ■ o . I :~. ^ i d 1 1 r. , e n e r 1 n 0 

'^'.ri : us---: * ' :^ .1" y-:/:Tij^li u:. 1 r a r:omi.:'.j o s a 1 

^_;om_n-Strat_on may O'-^ , tor example, thrO'Ugn nasal sprays cr 
.sin:: suppositories, Jo r ors.^ a oml nu t r a 1 1 on , tne molecules 

: r , ■ - u .: n 1 : - • : r . r.; ^ o .;■ , " o _ ^. ."u 0 . ; . ; ' : u 1 o or ■- n a o 0 : : n o 
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b"^or tccicf;! admmis r a ~ i c , the conco-jr.ds cf tne invention 
.ir- r L.rn;ulz.te:: int.: tmtmsnts, 53:1 ves, geis. cr creans, as is 
general- y k n o n i n the art. 

1 1 e 3 1 r e o , s o 1 u 1 1 :: n s or the a jog v e c oxp o s 1 1 i o n s ma y b e 
tniokenea with a thicrzenino agent sucn as r^.etnyl cellulcse. 
^rhoy xay te prepared m em>^^sitied forni, either v;ater oil or 

0 1 1 i n water , Ar. y o i a i de variety of p h a rma c e u t i o a 1 .1 y 
aooer:taole err.ui s i f y mc a rents T.ay be emp:.oyed including, for 
exaiTip'ie, acacia pO'Wder, a ncn-icnic suriactant (such as a 
I'ween ; , c r an ^ one c surfactant ; such as a 1 kali pel yet her 
a ; :: C) n o 1 sulfates or sulfonates, e.g. , a 1 r i t c n ) . 

lompositicns useful m the mveniion are preparea by 
m.ixi n:? the ingredients fi^llcwing generally accepted p :-T:r.edn re.=. . 
For example , the selecte^d components may be simply mixed in a 
blender or otner standard device to produce a concentrated 
mixture vmich may then be adjusted to the final concentration 
and viscosity by the acdioion jf v;ater or tnickening agent and 
pc'SsiiC'ly a ouffer to control pH or an additional solute to 
c c ' n t r :; 1 t o n i c i t ' . 

The ar.cunto of various ccm.pcunds o-f this invention to 
a omi.n IS ter ed can be determined by standard procecures. 
3€:nerally, a therapeutically effective amount is between about 

1 nmcle and 3 f.Lmole of the molecule , preferably between about 
10 nno'le and 1 )am.ole depending on tne ace and size of the 
patient , and ^he disease or disorder associated witn the 
patient. l-eneral_y, it is an arr,cunt be owe en aoout C.l and 5 0 
m.-: p r e f e r ah _ ;/ 1 an:i 2': t-:/i:: c f too ::nimal oo co t roared. 

^- :■ r u 0 - y t n o r h y .; i :v. a , i h c ':mo o s 1 1 1 c n c will he 

;o^r. "^heracv 
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'. 19^2 : ) . M^^^er states tnat a avarices have resulteci m 

practical apprc' acnes to human cene tnerapy tnat have 
riexcnstratec positive initial results. The basic science of 
qene tnerapy is described m Mulligan, Science 260:926-531 
3 ';1993) . One example of gene therapy is presented in Example 7, 
v;hich cescribes tne use of adenC'Vi rus-medlated gene therapy. 

As another example, an express is n vector containing the 
truncated VRP ceding secu^noG may be inserted intc cells, the 
cells are grown in vitro and tnen _njccted or infused in large 

IC numoers into patients. In another example, a DNA segm.ent 
containinc a promoter dz chcice (for examp-le a strong promLOter) 
IS transferred into cells containing an endogenous truncated 
VRP m sucn a manner tnat the promoter segment enhances 
expression of the endogenous truncated VRP gene {for example, 

It the promoter segment is oransferred to tne cell such that it 
becoT.es directly linrcec tc^ tne endogencus truncated VRP gene) . 

The gene therapy may involve the use O'f an adenovirus 
vector including a nucleotide sequence coding for a truncated 
VP? suounit, or a naked nucleic acid molecule coding for a 

2C truncatec VR? subunit . Alternatively, engineered cells 

cc'ntainmg a nucleic acia molecule cocmg for a truncated VRP 
subunit may be iroectea. Example t illustrates a method of 
gene therapy using an adenovirus vectcr to provide angiogenesis 
tnerapy . 

2 5 Expression vectC'is derivec irom viruses such as 

retroviruses, vaccinia virus, adenovirus, adenc-a s soc 1 a t ed 
virus, herpes viruses, several RMA viruses, or oovme papilloma 
1 r u o , r^~i y - - use u :. - 1 : '/ e r r n u 1 o o t ^ d-j s e 'Cu e n s e a ; . c . , 
-u TV- ■ onso_:iin:_: reo"mh. uiant '^ruuiaie:. VPT suounit m:,: too 

3-^ ^arueted ce ^ 1 ^^.jpu L a t : o-n . I'^^hoos '.vhioh t^- v;e 1 1 Intvu". t: 
these s-:i-lleu m tne art can '■rr^ .u-ed t:) construct recomO'inant 
'^^ra._ vectors containing c suing sequences. See , for example, 
oh" t. e :^nn 1 gue s 'u-scrir-;U :n I'Tini.ioi: c i 1. , , M; I'-cu 1 a r "'ll '-n i n g : 
1 1 - : vr c " ~ s',- Manuo.^, lolu loiir. : larosi l^eU. c i a r;/ , h h:' . 
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ar.zi 1 r. A u s u o f; 

'3 IT -^i r"^ ^r^ P C " 



r r c o c o .. 



m Kclecu^ar 



a ^ - , ' ^ u r r e r. 
Associates ar.ci /Jiley Inter s c lence , 
::eccrrh Lr.anz nucleic actd rtclecules 
cat ce used as naked CNA or rn 
lipcsoTies cr otner lipia systenr.s for 
e.g., Feigner et al . , Nature 



encocir.g protein sequent 
reconstttuted system e.g. 
d e 1 1. V e r y to target ceil; 
33 7:38'"-B, 1 ? 3 9 } . Several other met nods for the direct 



transfer r^f plasmid DNA into cells exist for use in human gene 
t h. e r a c y :i n a i n v o 1 \' e t a r ge 1 1 n t n e IN A t r e c e p t c r s on cells by 
iJ cc:m.pleMing the plasmid DNA to- proteins. See , Miller, Nature 

ir: its simplest norm, gene tra reefer can ce perforrred by 
s i rrp 1 y i n " e c t i r: g mi n u 1 1- amounts o t J N A into the r u ' e i_i s of a 
•lell, tnrough a process of m.icroiro •action . Capecchi MR, Cell 

15 2 2:47 9 -9^ (1980). Once reccrJomant genes are introduced into a 
cell, they can b^e recognized oy the cells normal mecnanisms for 
transcription ana translation, and a gene product will be 
expressed. Other methods have also been attempted for 

:-ntroducing ONA intc- larger num.bers of cells. These methods 

2 0 include: t ran s feet ion , wnerein DKA is pir e cipi t a t ed with 

calcium, pnosohate and token into ce^ls by pinc-cytosis (Chen C. 
and C'kayama H, Mol. Cell Eiol. 7:2^4 5-52 [1^3'')); 

e^,ect roper at ion, v;herein cells are exposed to large voltage 
pulses to introGuce holes mtO' the m.embrane ;Cnu G. et al., 

2 5 N u c ^ e 1 c Ac i a s Re s . , 1 5 : 1 3 1 1 - 2 o {198 7)); 1 1 p o f e ct i on / 1 1 po s ome 
fusion, wherein ON A is p a c 'la g e c into 11 poph i 1 1 c ve sides which 
fuse wion a tarc-^^t cell ■3^e:.tter Ph., e al., ?rO':. Natl. 



- h e 3' ["v A 1 o c i\ e m. i c a 1 1 ' 
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C;NA into cells. Tho 3 dm i xt \:: r e or adenovirus to scluoicns 
ojotooomo CNA comp^exe^, or toe biodin:^ of l^NA to pclylysone 
oovnlently attooned to adenovirus using protein cress linking 
aoento suootantiall y in^proveo one uptake ana expressoon C' t tne 
?^ reoor-.c mant cene. Curt el IT et al., Ajr . J. Re spin. Cell. Mol . 
5iol. , 6:2 ;7-52 (1592) . 

In accition, it has ceen shown that adeno- a s soc i a t ed virus 
vectors may ite usee tor cene delivery into vascular cells 
'Gnatenrco. L,, 1. of Invest. Mec . ■15:3^-9':^, :i957}}. 

10 As used hereon "gene transfer" means tne process of 

introcucmg a forei:^n nucleic acid molecule mto) a cell. Gene 
transfer is cc'mmonly performed to enable the expressoon of a 
p^articular product encoded by the cene. The product miuy 

induce a protein, polypeptide, anti-sense DNA or ?.NA., or 

15 enzymatically active RKtA. ^ene transfer can be performed in 
cultured cells or by dxrect. administration into animals. 
Generally gene transfer onvolves the process cf nucleic acid 
mo_ecule contact with a target cell oy non-specific or receptor 
ne d o a t e d i n t e r a c t o on 5 , up t a xe of nu c 1. e o c acta m,.o 1 e c u 1 e i n 1 1 t he 

2 1 cell tnrough the rr.embrane s^r by endocytosis, and rel^sase of 
nu c ^ e 0 o acid mo 1 e c u 1 e r n t c the cytoplasm. from the pi a srr.a 
memo ran e or endosom.e. Express xc^n may require, m audit ion, 
movement of t he nuc 1 e i c acid mo 1 e cu 1 e into t he nucleus C' f the 
cell and binding to apr:rcpriate nuclear factors for 

25 transcription. 

As used hereon "gsne therapv" is a form, of gene transfer 
a : . d :. 5 mol \oue a vi t n n too ■ - f ^ n 1 1 : : i: t : ~;e n^ transfer a :i .: s ec 
n - r e 1 o a n :i ..^ o e 1 1 1 :: n 1 o/ r - r a ^ i n - t r a s t a r i : e i: o o s o a 



transplanteo into a patient, or o.jn oo per forme c oy direct 
a c rr. 1 n 1 s t r a 1 1 o n t^ f tne n u c_eio acid molecule or nucleic ^c:a- 
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a n c n e r 



nuc^ e 1 c 



sequences encoding 



•-■v-n.^cn "he nucleic aciri rrclec 
soeciric Tiissue. 've^ncas 
eupresGicn as sec i:crch m 
9.i/'09236, riled Ncverrter 3. 

In a no me r preferrea 
rep L acerr.e n t is set fsrrh. 

capable zi ceinq expressed 
p r c V i d 1 n c or £i u gme n t i n c c h 



le sequence is expressed only m a 
aCxhievinq ti ssue - spec i f i c gene 
1 n c e r n a 1. 1 on a P ub 1 1 c a c i c n N c . WO 
9 91 and pu b 1 i s he a Ma y 13, 1993. 

emccainent, a T.ethcd of gene 
"Gene replacexenc " as used nereln 
a c i c rr.o 1 e c u 1 e sequence which is 
m VIVO m an animal and thereby 
functiuori ol an endccenous aene 



vj h 1 c n 1 s mi s s i n c o r do i e c 1 1 v e i p. Che am ma 1 . 



3 '—.f-^\T 



1 1 ^ t- r> > 



asoec L 



the invent lo: 



13 that Che nucl^eic acid sequence 
contained in the vector may include additions, deletions or 
modcf ications to some or all of the sequence of the nucleic 
acid, as defcned above. 



Examples 

To assist m understanacnc the present in-'/ention, rhe 
f o 1 1 o w i n g Ex amp 1 e s are i n c 1 u d e c v/ n i c n ae s c r i b e s the results of 
a series of experim.encs . The experiments relating to this 
invention should not, of course, be construed as specif really 
limiting the invention ana such variations of tne invention, 
n G v; kn o 'a' n or later d e \^ e 1 o oe d , which w c u 1 d be within the p u r v i e w 
of o r: e skilled i n tne art are c c n s i oe r e o t c fall within the 
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acks 



: C' c r e a t -i 
2 arTLi-nr 



:es- ( i-^ J . 



a ncvel Vr.GF-3~ re ia ted protein that 
acres, a clNA construct is create a in 



A c N A encoding numa n VE 3 F - 3 i a axp i i f i e d f r om a n uma n 
neart or skeietai nuscie cDNA; ,Dr a hurran fetal brain i.":DNA 
i 1 o> r a r y , o r a c OiCA preparation f r tTi another s u i t a bd e n uma n 
1 1. 3 3 a e 3 o u r c e o y r C R w 1 1 n a 1 i g o nu c i e o t i de 5 corresponding to the 
t^uoiisned sequence of nunan VEGF-H . Gsmg standard rr.oleoular 
r'ialc>gy tecnniques (Saxbrook et al., Molecular Cloning, A 
E a o o r a t o r N": a n o a ' . ? n d en., G n 1 ci r) r i n o Harbor Laboratory, Cold 
Gprin^^ Harbor NY) , a CNA. fragment then is generated that 
encodes at its 5' end the signal sequence of human VEGE-5, 
followed by a codon for proline, the first amino acid residue 
m mature VEGF-3, and tnen followed oy codon s correspondir.g to 
amin:. ac los froo. resiaues 2 2 tc tne 1- terminus of hum.an V£GE-3, 
follt:wed icy a step codon. Appropriate additional non-oadmg 
nucieotioe sequentes are added to the 5' and 3' ends of this 
DMA construct so as to- aliov; insertion of the DNA into an 
appropriate expression vector. 

In tnis m.anner tne cleavage site fcr the signal peptioe is 
c:reservec m a manner identical to that found in native VE3F- 
B. Hov/ever, this strategy results m a cr.anqe in the new N- 
termmal ammo acid of the truncatea VEGF-B. Whereas the 
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r.cz e:-:cec"ec: z nave any efiecn an the bialccacal acaiviay c^f 
ane a ran aa tea VH:GF-2 . The acvantaae af ahaa atrategy as tnar 
tne SI anal aeptade seauenaa is r.a^ntamed thus ensuring 
err:_aaen': alaavage a r "ne a^gnai pep -^ae aran^ tne precursor 
a"^rina aratem praaessing/'secretaon. 

In ana a her exa.TLple, tranaated V:i;gF-E, aes ; 1 - 1 a ' -VGGr -3 ^ as 
aanatruated cy aeieting the farst 15 amano a a ads. The sagnal 
peptade a_ea'vage sate v;auid be preserved in thas case because 
residue#16 and residue^! 'the new and old N- termini) are 
adentaaai (pralane) : 

T.splirrilivallciartqa ; PVSQFCGPSHCKKVV: PW:Z)VYr?J\G . . . 

a;a p 1 1 r r i 1 1 va 1 1 a 1 a r t qaPW I C VYTRAT . . 

One c>f skill an the art would understand that other signal 
peptiaes may be used in the present invention . For exartpia, 
the signal p^eptide of VEGF-B or VEGF-G could be used which 
wcuIg require that tne first araano acid of the truncated 
protein b^e a^n alanine or glycine, respectively, in order to 
preserve tne respective signal peptide cleavage sites. A 
f a r t n e r alternative >; o a 1 d be to use signal peptide sequences 
frar^. c:ther Known proteins; soitie cf tnese may have cleavage 
sites compatible witn the N-term.inal tyrosine of the truncated 
des ( 1-20; -VEGF-B . 

Another alternative would ce to generate a ccnstruct that 
encodes a orecursar proteiri v;ich a cleavage site that 

incorporates two^ rather than one, ammo acias frcm the N- 
t r m 1 n . : .:■ 1 i a, ^ r a i n a ^ 1' 1 1 F - 1 r r a t e i r. a a q i_: a n c e . Go- p u r p c a a 
: a^a.- iia^v/ w-ult _ -^ns'.::-' mar-- fal^y 1 r: i ^: t:".^ 

:!---ivaa-:- : *a- i.; : mp 1 1 : a . - ■ i:: a i : r.i ' :-ap - aia - ila;— o mi. 

tne "-ranaatea 'IGGF-- aaqv:enaa oaa aaan a anange w-ala no- oe 
expect ea ta> ai^. er oT^loaiaai fanati::'n am the rr-.:naaten 
r a 1 ^ a a . 



4 ? 

Tne ^^-^r^r-e^y des.:r:cea tr cenera::e CNA fc^r expression of 
aes ■. 1 - 2 C ; Z 37-3 is Lisefu- for generaoron on an antilogous 
T,a n n e r o f VE'^ r - ? oiu o a n o s w r t h X - 1: e man a 1 t r an oa t a on s of o c h e r 
aesirec lengahs . 7araner, tne sarategy as useful to generate 
I\'-oermina^ aruncarions cr oaner ces free lengths an other VEGF- 
re^aaea forms and tnear lsc:fcrnrs cf oaher species. 

Ix aaip^e 1: Express rc-n Cf -Te rail na 1 1 y Tr ansa tea I'EGF-B Sub u nat s 

Tne OKA fragment encodang truncated VEGF-E frcn^. Example 1 
may oe a lone d into a suitable plasnid vector. 

Sf9 (Sparcpaera fragaperdaj cells are co- t rans f acted with 
baaulovarus transfer vector pAcUWSl cont a inin;.;^ cDNA encodang 
truncated VEGF-H and baculo'/irus ( Gaculcgcld, rharmingen , San 
01 ego, CAJ . Gelecaicn and plaque purification cf reccrnbanant 
virus are performed accor"ding to established protocols using 
Blue agar overlays (Gibcc BRL) . High stock of r ecomb rnant 
virus as pro>daced in exponent rally growing St 9 cells using a 
mulaipliciay of infection of 0.C5. For expression cf truncated 
VEGF-E, Sfr? cells ; 1x1 Co cells /ml) growing in serum free medium 
are infected with recombinant virus at a m.ult iplicit y of 10. 
Supernatant is collectec after ^2 hours post infection. VEGF 
expression m oa cul ovl rus - in f ec t ea insect cells, wnicn can be 
usee to express tne truncated '■:?.? s of the present invention is 
also descrired m Fieoich et al., l Eur . F. Biochem. . Ill: 19-26, 
19 5 3'. 1 n this s y s a em , VEG F h a s oeen 3 nc'wn 1 0= be pro duced a n 
hian yield, witn efficieni gl y co s y 1 a t ion similar to tnat seen 
- ; . na rr.ma 1 i .:n ; e ^ 1 o . [ : . i u a i , a a o a e a a a „ _ e d n tne an w i ^ ^ 
r ^ ■ : a a 1 1 1- i r: :i i :-:p r - a a i : a : a ^ a a r a */ o t ems , i a : 1 i i r. ;: ma naari 1 1 a :"; 
.^■■:F_1 e:-:rraa3:a:r system a, la ■.::noiaeref to 'aionia tne oaapo- 

:.' t n L a .: n v ; "a: i :\ . F a i a a s f a x p r e s a i n c; F F G F p r : i „ i a a v; a i o a 
aia te asea exores:j the aranaatea VFFs zz tne present 

a rr/e n a 1 a n asm a c a ^a a - a v r a a a s t ems are also a r a v i d e a in 
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, :i.a jv^r'^-T express L or. .eczzrs: r^. ^accrarcry N'anua^ n. 

Tr. 03'^ 3.-:i_iec m the ar^: will reccgnirre tnat cc^er 

: ^3t^v^ trancatsd VRFs. 

F la n c 1 1 a n a 1 1 y' a a t i v a r a c cimia i p. a n a V EG F 1 s c f c r ms nave o e e n 
a >: r a s s e :i i a F . Cola ' W a 1 a _ a g e a a 1 . , Pea' . Biol. 176, 6 - S 5 
I 9 ■? h : f r c in m a i a s i c n ood y by refolding a c c o rd a ag a c t n e 
pr.caaure aesaribea crea^aausly for hoT.c- and heterodimera af 
13 r CGF (Schneppe ea al , , Gene 14 3, 2 01-09, 1994; and an yeast 
( M: h a n r a J e a a 1 . , Bic chem. Fiopnys . Res. Comnun. 215 : 75 0- 56, 
1915) . 

2 a 1 1 1 O' t. a a r e a ]a o d a o z sa-i p' r e s s a a \' F G F v/ !a a hi can be a s e d 
a a expresa VRPs m a he present invenaicn are descraDed, for 
15 example, ar. Jasny, Science 233:16 5 3, 1987; ana Miller et al.. 
In: Genetic Fngi nee ring, 1 99 6), Sea low, J.K., et al., eds.. 
Plenum, Vol. 5, pp. 2''7-2 97) . 

Fx amp la 3: Pur i f ica a a c-n Of Recombinant Truncaaeo VR?S 
21 Far pari ficaa ion cf tne bacul avirus-exp res sed truncated 

VF G F - 3 at F x a mp _e 2 from insect -cell supernatant, a n umfc e r of 
Stan dare aechniquea can be used. These techniques include, but 
are net limited to amnonium sulfate precipitation, acetone 
precipitation, i a n- exchange chromatography , size exclusion 
2 5 chr cnr.a t agraphy , hycrophobi c interaction cnroma to graph y , 

re\^erse- phase HRIC, ccncanaa'alm A affinity chromatography. 



a- a e 1 n a car: 



a said tans an a manner c cm.c a t i b 1 e v; 1 1 n 
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triads ar^ or: _ -;:e rec v.-:,min t:;e scope cf the present 
1 V e n 1 1 o n . 

A referred purtficatior rtetrod for truncated forms of 
ts descriced in tre fallowing: £f? Cell supernatant is 
5 centrifuced at 10000 rprr. for 5 0 xinutes to remove cell debris 
and vrral pa rt a c^es. Supernatant xs then ccncentratec and 
dial y z e d a a i n s t 2 0 nM T r t s ; p H z , 2 ] for 14 h C'U r 5 . The 
daalyted supernatant is centrifuqec again to remove ins'::lufcie 
material and loaded ont3 a lepnarose 1 anion exchange cciumn. 

10 Protein is e luted from tne colum.n by gradient elution using a 
graoient of KaCl (0 - 1 M NaCl), Cnroma tography fractions are 
anal y zee oy SCS pel y aery 1 amide gel electrophoresis and by SLISA 
using in antio^ody that recognizes VEGF-B, Fractions with VEGF- 
B immunoreact ivity are peeled, concen::rated, and dialyzed 

15 eve might against 0.1'^. t r i f luor oacet ic acid. Material so 

prepared is turther purified by reverse phase H?LC . Typically 
approximately 2-5 m.g of protein is loaded on a semip-r epa r a t ive 
C4 colum.n ana eluted witn a graoient of acetonitrile m O.l-'-^ 
t r if luoracet 1 c acid as descrioea m Esch et al . , Metn. Enzymol. 

2 0 10 3, t2-50, 15S3. Fractions containing truncated VEGF-B are 
pooled and stored at -3 0 degrees Celsius until further use. 

A preferred met nod of purification cf the casic and 
nec^ar 1 n-o^ndi ng M- terminally truncated forms cf VE3F-related 
protein subur.its anc analogs thereof induces tne combined use 

2 5 of heparin-Sepnarcse affir.ity chromatography ana cation- 
exchange chrom.atcgraphyu optionally followed by re verse- phase 
: : F I . , s s a n t :. a 1 1 y as "j-o c r i oe :i in '"0: n n " 1 L y a c 1 . , J . 2 1 a 1 . 
_d"u^^ . f. 4 : 2 2 0 ~ -2 ; , u ^r-o so s a a r ow : s s e^ a2., ;?rcc. ^L^I^l 



2 ;^ r i r i c a c 1 c n is mc n :. 1 1 r a r y foil, cw : n a t -i I u 1 1 n of V22 
1 1 ae material us ma a numoer o: techniaues mc^uai: 
:'v"u :rar'^r^ar ^ss'^-/ a.::a.a ' : - 1 :^ a 1 a a 2'R2' >:ind rec-^rt 



p rop.u r :^ t ::>:^.T .:: s l s n n r: of zells cr cell r.enbrane prepararions 
^r: rcrutic:^^- assays as describee cc H^xaciples ^-6. 

T'ca crcncacec V?.Ps expressed ic cither e'^karyotrc cell 
a y a t e.Ti a sac a Ei a y e a a c a r c^iarcaa 1 a a a c e 1 _ a , T^a y oe p u r a t a e c a n 
a a e a aaie rri a n n e r . 

Truncated '/RPs expr essec in p rc .-car yet i a cells will 11 ae 1 y 
need a a anderac a re-foldanq step far proper camer a za t aon of 
aaoanats, as ces araoed an, for example, Schneppe et al . , [ Gene 
1 1 J : 2 0 ]_ - C 9 , 19 9 4) 

i : X a m p 1 e 1 : R e c t:^ p a c r - B 1 n d 1 n c A s s a y 

The cina^nLC of truncated VR?s to VZGF receptors can be 
assessed ^n var reus v/ays . Useful ir.ethods include the 

determination of the ability of VRP analogs to bind to 
endothelial cells or to cells artificially transfected with 
KTR, or tr: soluble forn-.s of the KDR receptor (for example, a 
KTF^/alaaline phosphatase fusion protein (Gitay-Goren et al., J . 
Biol . CheiT:. 2^:^1:5519-23 fl996)). A preferred procedure has 
been descrioed by Terman et al. ( Biochem. . 3iophys . Res. Commun . 
13-:' : 15'^9-S'£, 1992; . 

In this prcceaure, KDR cDMA la transfected into GMT-S 
m. C' n X e y < i c n e y cells b y the 3 E E - d e x. t r a n met h c d by i n c u c a t i n g 
platea cells with CKEM containing 1 ug/ml GNA, 0.5 ug/ml CEAE 
ce X t r a n , a nc 1 0 0 ul] c h 1 o r o qu i n e . Toll o w i n g incubation for ^1 
h :: u r a at degrees Celsius, the m.e d i uri is a. s p :. r a t e d and cells 

are exposed 111 GMGO in FHS fcr cne minate. The eel J. a are 
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orc^r cf m'' 7Dm/na. F'^r r^di^reptor assay CMT-3 (Ij" 

ce_^s-weli; are plaiea in 12-v;ell plates. Twenty four hours 
later, ceii^ are v;ashec ::wrce wrrn ?BS, and 3.5 xi cf DMEM 
r. a n t a ^ n a n ^ 0.15:: gelatin a n c 15 nM H1P13, pH ^ . A Is aafaec, 
5 :-l'EGF-B, at concent rat iche ranging from 1-553 pM, as tnen 

added. Bin:iing expe r irrLen " s are cone m the presence cr absence 
:f I." nK anlareled VElF-1 can the de t ernana t i cn a: specific 
n: an ding. After a 5C-rr.:.nace incnfcaticn at rcoT. temperature, a 
5 n Li 1 3 amp 1 e o f t n e me d a a f r cm each well is used to de t e rmine 
IC the ca:ncenT: ra t icn cf free raaloligand, and the wells are washed 
5 cimes with ice cold PES containing 5.15 BSA. Cells are 
excracced from the wells by ancubation for 3 0 manutes witn 1% 
Tricon XlOO m 100 mai sodaurn phosphuLe, pH 5.0, and Liie 
radioaccavity of the extract is determined in a gaTir.a counter. 



Example 5: Mitogenic Assay 

Tne mitogenic activity of truncated VRPs on endothelial 
cells cf human cr miam.m.alian origin can be determined by a 
numoer of different procedures, including assays where cell 
proliferaticn is m.easurec by growth of cell numbers or by 
mcC'Cp'Ora t i an cf radioaccive IN A precursors (thymic me 
1 n c o r r o r a t i c n ) or otherwise appropriately 1 aoe 1 e d IN A 
r.^racurcors ( o r omo -decxyu r 1 cine i n cc rco ra t ic n ) . These and other 
me the as generally used to determ.ine cell proliferation, 
inducing t n o s e m.e t ho d s where m. 1 1 og en i c a c t i v i c y is a s s e s s e a i n 
'/ i vc (for e x amp 1 e by de t e rm, ining che mitotix i nde x o f 
^ct;: c 1 r. e 1 1 a 1 c e ^ ^ s ; a r e ':: ^; n a i a e r e c 1 1 h i n the scope c f this 
• ■ ~ '.y:. :i . .^^ c i e 1 e r r c:e t n • ^ _ ^ c e s '"^ r i. c e a c r e ^ n ' 1 a ^ j ■ t 
..il., : ra : . N ^i . Aca ;: . 1 i . 'Ml 1 M 3 -* - ^ A-* ^ ^ : c.a: nc 

U'-ic:c area - n-a ::■ t n- ^ _ ^ 1 -i^i^^.: :ia i c a : no :c: stcca c^^ tar a a m 
tea- r reaenca lulcecc^'a mccifiad Iaalc''c meoi-^m cucclemenced 

' ■, l^'}- 'li-lf scrum aa^_: a ; : ;"c a ."- ^ aeaaamycm a a IZ ua/'ml and 
: a, ::.a:ne a: . . „ [i:]/-:. i:a; r.-.am rioruj.:a;: ara^aa "maa- :- 
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c^'.z:^:. cr 1:6-1. Fzz: r^itraeni:: assays, cell rac no layers frcir 

:z^i:^zri pla-ej .a* pa^^aces J-li; are cirssocratiea ^sing trypsrn. 

liaer. seeciec a dens lay af app rcxania ae ^ y 3CCC 

:: e 1 a /' we 1 1 an 2 4 - we ^ 1 p 1 a a e a i n the presence a f DMEM ana 
anaaa-aataas a a describee above. Saxples ta be assayed ;1-1C' 
M-i;, apprapraarely daluaed in DMEM/l.ll oovine serum alfcurr.an), 
are adoed sax noars afrer piaaang of cells and again afaer Ac 
hours. Afaer 4 days of culture, endotnelial cells are ce cached 
from plaaes v;iah trypsan and counted using a :ioulter paraacle 
counter . 

Another mi to genie act a va ay assay as provided in Clofsson, 
B. et al.. Free. Natl. Acad. Sea. USA 93:2576-81, 1996). 
Second passcig-:::; humdn uuibl Ileal vt;ln eridoLheiial cells (HuVECs) 
are plated into 96-well plates (4 X 10-^ cells per well) an M-199 
medium supplemented with ICr; (vol /vol) fetal bovine serum and 
mcucaaed for 24 hours. Cell culture conditioned mediiom 

containing the truncated VRP, in tne presence of 1-lC p.g/ml 
heparin, or purified truncated VR? is added to the HUVECs, and 
tne cells are saimulateo for 41 hours. Fresh cell culture 
candaticned rr.edaun contaaning ["^Hj thymdaane (Ajnersham; 10 
[j,Cl./ml) 12 added to the cells ana stimulation is continued for 
another 48 hours. Cells are was he a with P53 and trypsin iced 
and tne incorporateo racio activity la determined by liquid 
s c 1 n t ^ 1 1 a a a c n counting. The a c t a i t y of truncated VR P is 

c a mp a r e d to the a c 1 1 v i t y of n c n - a r un c a t e d VR ? . 

In another a 1 1 e r n a a i ve r^e t hod , b o a* i n e capillar y 
•"■■u .:at :-.e ^ la ^ ICl; ja 1 1 _ :.r- .-cede a mil 24 -well elates ara:: 
u-'wa a:Mil ; :a : 1 -.a-n la :i:a;im.-V -':aa:v:i.;l r:ea,a:a[ V-'a"^t- 

^"^ -I-' p --.^ me :\ t e c w it:; L ' .-i 1 j 1 : a a r an , . l: - 1 ^ ^- are at i r '/ - .i a n 

M^::m rsapo 1 -^men a e :.i wit a 1 ■ retal aall serum, oar ~2 hours, ataer 
waiin 'Toncatianod medium diJ-Utea mta a arum- free mecium is 
■ :i 'd e d i a t a e a e 1 1 s and t h - 'i e 1 1 a are s a i mu 1 a t a c f : i 2 4 n a u r a , 
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w^rh NaOri, 3nd i ncc rpc: r a r ec rad^cac*:i viry is aererxinea by 
liquia 5cia::il^atiDn ccunzinc. The ac;t.:Lvi~y of iruncatea V?.P 
is compared to thao of n :: n - 1 r ur.ca t ec VR? . Bovxne fobroolast 
arcv;-:h facocr ic-FGT' may oe 'osec a a an addooional ocntrol for 
moooqer.r^ acoovity, and may also oe used to measure its 
p o o e o _ a t i n Q a o t: i v o t of o r u r. c a o e a V?. ? activity. 

:i::-:amp:.e 6: Anaxogenro Activity Of Truncated VRFS 

Tfio angiogenic activity of substances can be determined 
using a variety of in vivo m.Gtr:cas - girriricnly used m.othods 
include the chick cnor i call ante ic membrane assay, the ccrneal 
pouct assay in rabbits, rats, or mice, the m.atrigel im.plant 
assay m mice, the rabtu.! ear chamJ::er angiogenesis assay, nhf^ 
namster cneek pouch assay, the Hunt -Schil Img chamber model and 
the rat sponge imp 1 a n t mo del. C:tner assay methods to assess 
the formation of new blood vessels have been described m the 
lice ra cure and are considered to be within the scope of this 
i nn/ e n t i c n . 

A preferred m.ethod for demeans tracing the angiogenic 
activity of truncatec VF.Ps is the raobit corneal poucn assay. 
In this assay, H^lvax {eihyler^e vinyl acetate) polyrrer pellets 
cont ainmg appr oxim.a t e ly 1 - 1 0 0 D ng of the grcwth factor and a 
constant amount of rabbit serum albumin as carrier is implanted 
into a surgical incision, m the cc>rnea as described in m.ore 
detail 1 n Phillips and ?:n i g h t c n , a' o un a Re p^ . Reg. 3 , 533-539, 
1995; Gmbro-e et al . , t. Natl. Cane. Inst:. 52:4 13-27 , 1974; 

Risau, ?y'yy^ ^:atl . Acau . Sci . :J2A -;:3"55-5:u 1936". urcwch 

1 a 1 .:: r - inuuce-..; mis cular i na t i: t: c erne a is tnen chservevj; 

pnoccgrarns r. i corneas. 
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HLx. ^r^ple ^^er^ e -7 rsns I e :: ->!e a t e Anc i oaene s ^ 3 Therapy L sinc 

T r\::^ a rec VR? i 

Truncaiiea ^/R?s are i.isec for jene-transfer-mecia-ec 
ar.aioaenesrs ^.herapy as described, for exa.Tiple, in 
5 PCT/:J39G/ 02631 , puolrshed Sepoember 1996 as K09c,/257'12, 

nereoy mcoro-orated by referer.ce nerein rn ios entirety. 

A d o n o i r a 1 2 c: n s " r m c r s 

10 

r2 heiper mdependenc replication deficienn human 
aiencvirus 5 sysLem n^.ay be usee for gene-oransfer. A nucleic 
a lie xclecuie coding f:'r a truncated VRP subunrt may be cloned 
into the pcIylinKer of plasmid ACCMVPLFA which contains the CMY 
15 promoter and SV4 0 polyadenylation signal flanked by partial 
adenoviral sequences from wnich the ElA and S13 genes 
(essential for vira^ replication i have been deleted. This 
p 1 a sni d IS c - 1 r an s f e r r e d ; 1 1 po f e c 1 1 o n i into 293 cells v; i t h 
plasmid J"M17 which cor: tains the entire human adenoviral 5 
20 genome witn an additional 4.3 >:b insert making pJMl7 too large 
to be encaps laat ec . Hc'mologous rescue recorLbmat ion results m 
adenoviral vectc^rs containing the transgene in the absence of 
ZlA/ElB sequences. Although these recom.binant s are 

nonreplicative in mtam.rr.alian cells, tney can propagate in 293 
22 cells wnicn have been transformed with ElA/l^lB and provided 
these essential gene prouucts in trans. Transfected cells are 
:r:.;ni':crer: fir '"■vi::enc~- r y " op a t n i ■;: eifec^ wnich visually 
". ":_-ur.: i ";a'/s :tC-" r e c t r n . T :■ iuont_fy lz\^-:zc'^3 s ZisiL 

r ;:i:mr- ini 11 1 , s";.l f ^.oe r i _i *: a n :r-"m f:lai-^s sncwmg a cytcpattic 
■ ^ f ^ e 7 11 ^: - ■;: ^\ ' \ v; t i r ■ ■ ^ ? : i a r I ' ■ 1 ' ■ mu /' 1 w .1 1 1 2 . 1 i .: ■:: i un; 

^"i^MOcyl. suliate ana 2 2 ::11 7 272^ at Z 2 2 rcr ol minutes, rhencl/ 
::n . or itort: -iii,. urea and ethane 1 precinitatec. Successful 
r - ■ ; 7 m :_ 1 r. :^ u t s \, i : n o i i :-t- :. r v- i w : ^ ' . :^ 7 7 i s : n i r i. r a 



p r: c mo r, e r 3 n :i o 'J -\ C p c ^ y ^ ae n y 1 a t: i c n s e cue c e s no a mp 1 ^ ^ y the 
tr-_.nc.^rec VR? subunit nucleic acic inser*: and primers 
; ironecnniaue5 i5:363-':'2, 1993) cesrgned tc concomitantly 
anolify adenoviral sequences. Successful r e come inane s then are 
p-aquo purrfrec cwice. Viral sccc.-is are propagated m 2 93 
cells to titers ranging betweeri IC:^'^ and IC^'^ viral particles, 
and are purified by couble CsCl gradient cenc r i f uga 1 1 c-n prior 
t ~ ' use. The system, useo t:o gene rare recombinant adenoviruses 
im,po3ed a packing lim.it c-f 5kb fc^r trans gene inserts. The 

10 truncated VRP genes, driven by the CMV promoter and with the 
S'/IC pclyadeny^acion sequences are well vithm the packaging 
constraints. Re ccm.b inane vectors are plaque purified by 

standard p roct~idu res . Th^ r-e suiting viral vectors arc 

propagated on 2 93 cells to titers m the 10^'^- 10" viral 

15 particles range. Cells are infected at 80 o confluence and 
harvested at 36-43 nours . After freeze- thaw cycles the 

cellular uebris is pelletea by stancara cent r i f ugat i on and the 
virus further purif lea by double CsCl gradient 

ultracentrif ugation { di.scc)nt muous 1.33/1.4 5 CsCl gradient; 

2C cesium, prepared in z mM Tris, 1 mM ECTA (pH 7.3); 90,000 x g (2 
hr: , 105, 000 X g (18 hr};. 3rior to in ^.'ivo injection, tne 
viral stocks are desalted by gel filtration ohrough Sepharo-se 
cc-umns such as G2 5 Sepnadex. The resulting viral stock has a 
final viral titer approximately m the 13 ^'"-10"' viral particles 

2 5 range. The adenc'Viral const rue i should thus be highly 

purified, v;ith no v; lie- type ^potentially rep ilea rive) virus. 



nve sc. 3 1 — 1 - ^] 

: i : a n i . i r t :i , 



r ■ : r z z r m- ■ ; _.z. ; i zz^z z z ^ z F- - ^ ' : ~ - -1 
z :. 1 ; 1 1 .:v-:- :. 1 1 v . . it ..iC.rr.L :. : , - 

Iciineiers are placed in the left 
" : zr'=-3:\:z 1 : :z^ .Z3 ..j. z: ■ r o a i n ^ :: ■ 1 ;i 
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arriun perxii EZZ recDrrima a::a at.riil pacir^g. Finally, an 

amerDil consmcrcr ; axe r : a ) , a r;e::a_ ring mcluG^ng an 
amerDici sue stance, u placed arcunc the proxtmal left 
cirau.tiile?: ccrcnary artery [LCX; (Hammcnc et al . J . C i i n . 
Invest . ?2:2644-^2 [2993] ] . After a stable decree cf ischemia 
develops, the treatrr.ent group receives an adenoviral construct 
that mc luces a truncated V?.? gene driven by a CMV promoter. 
Control anitia^c receive gene transfer with an adencvtral 
construct tnat ^ncludes a repor te r gene , lac2 , driven by a CMV 
p remoter . 

Studies are initiated 35 + 2 days after amiercid placement, 
at a time when collateral vessel development and pacing- induced 
dysfunction are stable f^.nfn,. e- .^1. Am. j Physiol 253:1-11279- 
1288, 12S^ , and Roth, et al . Circulation 82:1773-89). 
Cons ci O'US animals are suspended m a sling and pressures from 
the left ventricle (LV), left atrium (lA) and aorta, and 
elect rocardiocram are recorded m digital format on-line (at 
rest and during atrial pacing at 2CC com) . Two-dimensional and 
M-mode images are obtamea using a Hewlett Packard ultrasouno 
imaging system,. Images are obtained from, a right parasternal 
approach at the m.id-papi 1 la r y muscle level and recorded on VHS 
tape. Images are recorded with anim.als m a basal state and 
again during right atrial pacing (HR=200 bpm) . These studies 
are performed one day prior to go^ne transfer and repeated 14 ^ 
1 aays later. Rate-pressure procucts and left atrial pressures 
s h o l; 1 d c e s i mi 1 1 a r i n cot n g r o: up s before a nd after gene 
transfer, indicatini fimilir m-/o ^ a r d i i 1. o:-:ygen ciemands ana 
l.:iUir:u jnc.:_ 1 1 o ns . 1 n. .u.i r a i : r :: pn : me a u r omeno s ar-^ mace 
u.--^:.u s la nda rc : lec :t". ':er.": ■oanr. , et a^. li r- _v:la ri ■on 5^:1j7 2, 

wail to:.:kness ■IISWTIC -le 'i.oasurea from 5 continuous teats and 
averagec. Percent wall thicaenmo (IWCn!- is calculated 
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dexons'ira'^e reproducibility ci ecnczaidiccrapr^ic measurements, 
au.^xals snoulu ce induce u cr tv;c cc n s e cut i ve days, sncvi-g high 
ccrrelaticn ir'^=0.90; c-C.OCS) . 

35 ^ 3 days after aniercld placeT.ent, well after ameroia 
5 ci'::sure, but oefDre gene transfer, contrast echocardicarapnic 
studies are perfornea using the cC'titrast naterial (Levovist) 
w h 1 c h IS ^ n J e c t e d into the left a t r i urn during atrial pacing 
,2'">C cprnj. Studies are repeatec 14 1 days after gene 

transfer. Peak contrast intensity is measurea from tne video 
10 images using a comput e r-oas ed video analysis program (Cclcr Vue 
II, ^Jova Kicrcsonics, Indianapolis, Indiana), that pro\^ides an 
ob]ec tive measure of video intensity. The contrast stuaies are 
analyzed without knowledge c^f which gene the a-^ma^s have 
received . 

15 At completion of the study, animals are anestnetized and 

midline thoracotomy performed. The brachycephal i c artery is 
isolated, a canula inserted, and other great vessels 11 gated. 
Tne animals receive intravenC'US neparin ■ICuCCC lU) and 
papaverine (61 mg ) . Potassium cnloride is given to induce 

2 1 diastolic cardiac arrest, and the aorta cr o s s - clamped . Saline 
IS delivered tnrough the b rachy cepnal ic artery cannula (123 
mmiHg pressure), tnereoy perfusing tne coronary arteries. 
Glu t araloehyde solution (6.25%, C.l M cacodylate buffer) was 
perfuseu (12 0 mnH pressure) until the heart is v;ell fixed (10- 

2 5 15: mm; . The heart is then removea, the bees identified using 
CO lo r-cooeo eyes in;] e cteo ant e rograde through the left anterior 
descencmo: ; LAC ; , left circum.flox ■ICxl , anc right coronary 
ar*:ei^e-T. T'h'^ a me red lo exom_n-u t niirm c^O'Sure. Sam^oles 
:r.o:: \r.^? norm:. K. y ;:or:_:oe-; ^no :3c:':emi -^ re;:^or.3 ^ re 

are c ^ ao~ 1 - l:rr: ecdeo . M^cr:scopio ma lysis t r; guantitate 

ccpilliry numner i :^ ookc:i;(^ _'„d as previously aescrioed (Mathieu- 
T:cto:io, et al. Am ^ Ihys 1 : 1 5 '"^ : r!2 C -1 , 1 ^ :0 / . Jiur 1 um thicx 
r r. r ■ r n o a r ^? *: x- n z i ■ : r - ^ r ; - ^ - ■ : m : - 
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ana '^cirarai'-^r; cf eacn regie:. ; anc ccin*:-count ing is used rc 
ae::err:i^::e capillary namoe r per Iroer nuriber r aii c a u 4 CC/C 
nacr. _f ^aar icn . Twenty a a event y- five hagn cower fields are 
counted per auosarnple. Within each region, capillary number to 
rioer nurr.fcer rations shcula ce 3im:.lar in endocardium and 
epi eardrum so tne 4C-5C field per region snould be averaged to 
provide the transmura 1 capi 1 1 ary to fiber number ratio . 

T::; establish that improve a reg_ona_ function and blooa 
flow result rron trans gene enpression, ?CR and RT-FCR may be 
used to detect transgenic t runcated V?.? 3KA and mRNA m 
myocardium, from animals that have received truncated VR? gene 
transfer. 'Jsing a sense prim.er to the CMV promoter 

[ 3CAGAGCTCGTT7AGTGAAC j [SEQ I . 1 . NO. 4i: ; and an antisense 
pr imer to the internal truncated VR? subuni t sequence , PGR is 
used to amplify the expected SCO bp f ragment . Using a sense 
pr imer to the beginning cf the truncated VRP subunit se guence , 
and an antisense primer to tne internal truncated VR? sequence, 
F.T-PGR IS used to amplify the expected 4 00 op f ragm.ent . 

Finally, using a pol-yclonal antibcay directed against VRP, 
t r u n c a t e d \^ R ? e x. p r e s s i o n may c e a e n c n s t r a t e d 4 3 h ours as v; e 1 1 
as 14 ± 1 days after gene transfer in ceils ana myocardium, from 
animals that have received gene transfer with a truncated VR? 
gene . 

The helper mcependent repl-ication deficient human 
adenovirus z system is used to prepare transgene containing 
vectors. The material in;iected In vivo shcul-d be nignly 

purifieo and contain nt wila-type :replication competent 
^den-^viruc. ^hus mr-iztic^n and ini^ammatory 

:nid"irati:n in tn^ ceiri. i :. ■■: m . n im i ca . y in-ectm^i tne 

ma*:erial :::ire^"^i"-i -n^.. ; 'ine vir^'^n '^1 icrinar;/ ^r'-eiy ::u' 

coronari- cat:ieters, it is r;oa3_ul,e to target tne gene 
•cirf feet 1 V'=:„ V . When deli'/orod m tnis manner ihere should he n2 
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rcund i^n *:::e uriLnf: 21 any cirr-e after intraccrcnary 
ect ion . 

I r. j e c 1 1 c n o f t r. e c c n 5 *: ru c t M - C r.l containing afc c u o 10^^ 
viral panicles zz a d e n c \' r r u s : is pe r f o rmea c y 1 n j e c r m c 2.0 ml 
o into coon one left and righo coronary arteries (collateral f^ow 
to the LCx bee appeared to come from both vessels) . Animals 
are anesthetized, and arterial access acquired via tne right 
carotid cy cot -down; a b7 Cordis sneatn is tnen placed. A 5F 
Multipurpose ;A2) coronary catheter is used to engage the 

10 coronary arteries. Closure of the LCx axeroid is confirmed oy 
contrast infection into the left mam core nary artery. The 
catheter tip is tnen placed 1 cn; v; i c h 1 n the arterial 1 ume n so 
^ h a ^ m -i n 1 m a 1 m a r ^ i a 1 : s lost t o^ the p r o x i ma 1 aorta durina 
infection. This procedure is carried out for each c:f the pigs. 

15 Once gene transfer is performed, three strategies are used 

to establish successful incorporation and expression of the 
gene. (1) Scm.e constructs m.ay include a reporter gene (lacZ) ; 
[2] myocardium from. the relevant oeas is sampled, ana 
imjaunoolot t mg is performec to cuantitate the presence of 

20 truncated VRP and (3) PCR is used to detect truncated VRP mRNA 
and CMA. 

The regional contractile function data obtained snoula 
shoiv that control pigs snow a similar degree of pacing- induced 
dysfunction m the ischemic region oefore and 14 - 1 days after 
25 gene transfer. In ccntrast, pigs receiving truncated gene 
transfer should show an increase in wall thickening in the 
iscnemio re 01 on durino 00^^ mo, ^iomo o c t r a i n^:: tha": truncateo VRi 
o o c •_: r. 1 gene t r s 1 o 1 10 ::; 1 c \. 1 _; a n o - .< 1 ; . t r. o :. :o/ o n t ^ : . 1 

-ot e rven t r loula r .septum; onoulo t^e normal during pacing 
and unaffected by e n e t r a n 3 1 e r . Tne percent decrease m 
:'on;:t:./o meao-.:rod oy t 1 1 n o t n-.: r ci - eooc on r o :. 1 o rooo v o o "i b*^ 
01x1 t '-O''- r o o c :oo-i 00 r -a xrM;;.:';roo r-'/ 
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scr.crr.icrcrr.eirv' curi^ng azrial pacing m trie same rr.cdei ;' r:aminond , 
en a 1 . J. Clin. In'/esu. ? 2 ; 2 6 4 4 , 1 5 5 5;, dec ume n c i n g t h e 
acccracy of ecn cca r d i c gr ap hy fcr the evaluation of ischemic 
a y 5 r c n c 0 1 c n . 

5 
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TOPP.KTPCNDENCE ATORISS : 



(A: 
( P. ; 



ACC'RETSxi-T. : 



CC TNT R: : 



COMPTTZR : 

cpera.ti::g ty3te> 
software : 



TNCATTD 7EGE-RELATET PROTEINS 



;::_:i.-e 4700 
Tcs A.ngeles 
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U.S.A. 

?:o'::-2:65 



:3.5" Dis.:ette, 1.4 4 Mb 
:3 1 o r s g e 
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F-st3EQ for Windows 2.0 



30 



TRREMT AP?i:CATIO:C TATA; 

a. a?p11 cation ntmser: 
ciasiip:caticn : 



Acrii 15, 199' 



:tati^n dp 



APPT: CAPTION :;UMBER: 



■ ttC'R>;ey/age:;t :mfo?14ATIcn : 

■ I. ) A>]E : Vj a r d u r g , R i. o " a r : 
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^,^1- i,^ : jx^^ 



Me:: 3:.v Asn Val 



: J \' 3 1 r : 



Cys Pro Asc Asp Giy Leu Glu Cys V.;i; Pre Tnr Giy Glr Hi;i Gir 
' 85 ^ ^9:0 95 



^rr ^^2t: Gin lie Leu Met 
IOC 



3C Gi: 



■or Leu G u Glu H ^ s S e r G 1 r. u y s 
G.5 12D 



Gi" Tyr Pro Ser £er Gin Leu Gly 
115 1:0 

c: y s Ar g Pro L y 3 L y s 
125 



Glu lor Ala Val L>'S r^io Asr S-^r F'ro Arg 11^- Leu 
13C 13b 140 



D -r- .- z>r 



T h r 1 1 n .A r G A r g G In A r q Pro A ^ p P u A r u 1' r. r C y e A r g G y ^ A r q 



15C 



160 



4 0 



r q A r q A. r g A.r g P h 1 u u f i 1 :3 G v 5 L -1 G _ v A r q c:- : y 1 , o u G I u L e u 
165 175 



Pro A.sp Tnr 

leo 



Gys Arq Lys Pr: Arq Lys 



4 5 



IMFCPMATIOM FOR SGG ID NO: 
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•J -3 _ n 



10 



^5 " ' ' 30^ 

■/'dl Pre Tnr G_y G^r. His Gin 

9C 95 



Xe^ Gl. n II- Gv;u l'\.-=t ArT Tyr Pr:: Ir^or Ser Gin Leu Giy 
:C0 1G5 liC 

Ser Leu Glu Glu Ger Glr. Gys Glu Cys Arg Pro Lys Lys 

LIS :20 ^125 

13?: : A 0 



1^3 



160 



Asp lie T::r 
165 



rir rro ALj Pro Gly Pro Ger Ala Hrs 
l^C ^ 175 



bor 
13C 



le D 



;iy Pro A^a Ala Ala 
190 



Asc 



/ai A_a Lya G: y Gly Ala 
2C5 



sg:)uenge gharaggeriggk 



LGNGG}! : 
type; ; 
'70PCLCGY 



,^rr.ir.c acid 
^ i rear 



11) :^iOLGGTJLE T'YP?^: 
■xi^ GEGGEKGE LEPGP: 



■Tot em 



r .1 ^ 
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95 



rne Al3 Ala Al 



?p A:^" Tr- Arg Lys 



A:j:: Tnr r-v' P: 
1 -jC 



Cy- V^l Sor VaJ 



J Gly leu Gin 
1 ' C 



bh^*: Asn Thr 
175 



150 



18: 



j.le 1't:r V3I Fro Lei: 
1 



: 05 



3 0 



:-^er ^vs Leu 



^In \'al Hi- Ser lie 



Ary Ai^ £er Leu ?r<:i A^ i T:.r L.-u Pro 3ir. Cv:3 GLr. A,.a Ala Asn 

125 230 235 2^2 

Lys Thr Gys Fro Thr A-r: Tyr Me*: Lrp Asn Asr. His ile Gvs Arg Cys 

245 25.J 255 

Leu Ai2 G-n :5J.u Asp rhe Met 5 he Ser uer Aso A. la C;Ly Asp Asp Ser 



>he His Asn lis 



4 5 



2 5C 



. u 1 /iss^ Aru Asr: s 



Arq Pro 
300 



: n ( P/s V a Cv; 



330 
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1 anino 
ar.mc ^cid 



MCLECULZ TYPE: ?rc-;e^n 
SEQUENCE DES(':?.ZPTTC^J : SEQ 13 NO: 



u^n i^eu _eu ^xa 



:.e-: r-ro Ala Va^ i-ro Pre *^^^n Jl:: 'I'rp Ala Le'a Ser Aia 
2C 25 30 



'er 3er 3 la '/a.: C;iu Val Val L^r o r^he Gin Glu Val Trp 
i 5 4 0 4 5 



Gly 



30 



Tyr Gys r\ro Pre 



■ir leu Val Asp He Phe Gin 
60 



Gil 



Leu 

eo 



j.^ a ;^ . u :l e r r\s 



Thr Mc- Gin :i^. 



rtrq i^e -.ys i-ro 
110 



Hi- 



lls 



^ ^ -J 



45 



135 



Pra Glu Arg Arq A.rg 
1^0 



A r a P I" : 
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zz DE3::i- :?t::;n: £ec i: nc : 5: 

y.^-ji Ar-a Ar 7 ■:y j Ar^ 1 1 :Je r y Ar q rTi ?r o Aia Pro L- ro 31y Val 

- ^ 10 15 

r ro A.Ai Oln A^:i Pro Vol :.;er Gin ?r:j A^.p A^.i Pro GiV H^s 31:: Arg 

2 0 2 1 3 

'■'V'"^ '^'^^ 1"^^ 11'? ^-"D V:^ : 1^-,-r TAr An Ala Tnr lA^s Gl.:: Pro 

31 4 1; .;i ' 

•2^7 AA: V.-l 'An 1 7^1 Pr- Geu Inr 1' 1 i; 1 . l...v: Met: lA.:. ■/ Thr Val A^a 

Gyj G^:\ Leu l'a_ tro Ser Cys Va^ Irr '/^tl Ar^ Cy:; Gly Gly Cys 

65 70 ^5 ^ ' ' 30 

G y^ Gro Asp Asp 3iy Gou 'G L u G y s V 1 Pro 1 h r Gly Gin rA. 5 Gin Val 
2 5 1 3 5 



/A r r I^C e Gin I ^ Le u M e t lie A r ■ . y r ? r o :.: or S e r G 1 n A- ? u G 1 G 1 u 

2 5 110 105 lie 

Kot Gor Leu Giu Giu Hi.3 Ger Gin Gys GLu Gys Arg Pre Lvs Lys Lys 

115 12 0 1 2 5 

3 C) A c ' Ser A 1 2 V i i Lys G i i : A s i:- l\ r g A la Ala T h r Pro Mis H s Arg Pro 

130 ' 135 lie 

Gin EA;c Arg Ger Val Pro Giy Trp Asp Ser Ala Pro Gly A_a Pre Ser 

li:: 150 1 55 ^ 160 

3 5 

Pre- Ala Asp lie Tor Gin Gor Gas Gar Ser Arg Pro La a Gys Pro 

16 5 1^1 17 5 

Arg Gys Gnr Gin Hrs Has Gla: Gys Pro A>;s Pro Arg Tnr Gvs Arg Cys 

4C 10 1 11: " I'^O 

Arg Gys Arg Ar Arg G-a: 2 no 1.0 a Arg Gy;: :ln Giy Arg 3^y La a Gla 

1P5 200 ^ 22:.> 

^ " L e J 2\ s P r o -0 s p 1 h r Gys Arg Gys A r ( j L s Lea A r a 2\ r g 

21 C' 3 5 

■ PrG.:PMAG G Gl P 'P GG Il Gl : : 



:0s ^PGGLG 1 I'rP : 

glovt:::o:i:: "lgig-o 



..ly :^:r .>/3 Lys J^ro Ar^ Pro l^e ^'.j^ Vil Pr- V.:ii ^^;r G 1 ^Thr 

bO 

IC Ar J '^^'/^ 31 y Giy Cyi: '"y^ A>^-n Ai^r; G .-. u :^er Leu Glu Gys Val Pro 

Thr G-Lu OGu \G.i.!. Asn V:-:il Thr Me": Glu Li^u L^^iu 01 y AI3 G-::: Gly Ser 

91 95 

11 y !ier Aon 11 y ^'e^ lln Aro Lou Ser ILe Val G_\a f:io 1-ys Lys Cys 
IOC ' 1:5 110 ^ 

115 121 12^ 

V r z :\ i jz A r g A 1: ~ A r q 
1 jO 

(1; IMFCRt-lATlOM FOR SEQ 11 NO: : 

: ^ ; S L 0 r: H:MG E G H A?.AC T P. R 1 G T 1 G G : 

3 0 ( A I LENGTH: 1 4 3 a :r. i n o a ci d s 

( G ■ TYPE : amino acid 

i - TGPCLOGY : linear 

:i.:) MQLLGuLE TYPE: Protein 

3 5 

GEQGE::GG DEGGPIPT'IGH : GEG IG m: : : 

Meo Lyo Leu Ghr Ala T:ir Le.: G^n Mil V_l Val A.'. a Lea Leu lie Cys 
1 5 IC 15 



4 0 



■lea Tyr Aon Lr^a rro GIj Gyi V-1 Ger Gin Ger Aon Aop Sar Pr^ 

ler Tar Asa Aoc T rp Met Ara I'hr :.au Asa Lys Ger Gly Gya Ly: 
35" 4 4 .1 



w o 0S/493()() 



13 5 



:^c?::4at:c:; for ^^f::' id no: 3; 



1 ,:;r:inc ac-i.as 
a:ri i.no i ci d 
1 ^ :^ e a r 



'xi) SEQUENCE ze:jcrift:dk : 



NC : S : 



20 



3 e r H i J G ^ n L y 3 L y s v a 1 i 1 P 3 Trp lie A ;i p V,2 1 T y r T h r Ar q 

I'hr Cys O^ln Pro Arg yiu Val Va 1 Val Pro lou Ser Met Glu Leu 
2 0 2 - 3 0 



3 5 ' '1 f i 



Vai Gin 



Uy Cys C; 



5 u L- 1 u G y s V a 0 Pro T h r 



G:y Gin iii.s Gin Vai Arg Gin He Leu Ke^ lie Gin Tyr Pre Ser 

6 5 -Q 75 ^80 

cer Gin Leu Giy C^u Met Oer Leu Giu Giu ;i:.s Ser Gin Gys 31 u Cys 
3 5 9 0 9 5 



Ara Pro Lvn Lvs 



.10 



L.-.. G'/s Pro Pr-o 



12 5 



4 5 



^rg ^y3 .^rg 
■ -0 



14C 



\rg 



. L e u Giu i e u As n r o 



\ r n P y P r a A r 7 L 'y 
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-ys '.'a:, '/.l rr- Trp I ^ A. ^ :t i 1 7 vr r : .i ir.r Ays ^ L - r^r:: 



Lys Gin Lsu . ?rc Ser Jy^ Tnr '/.^ L G^n Ar-^ Gys Gly Gly Gys 

: 5 -4 ; ■ 4 

" \- s Pro A ^ p A ^3 p G 1 \' Leu ..Al u Cy3 ,i ^ P r ; T n r Gly Gin H r j Gin V a i 

5: ' ^ ^ 55 ^ GO 

A.::; M?;t 11 n leu Me*: I^e Gin Tyr Pin; G'^r l<^r: G ^ Go 'J G^y Glu 

15 t;i -7 0 ':5 BO 

Met Ger Le n Glu Glu Hi3 Sor lln Gys Gl .: Gys Ar t Pro Gys '^ys Lys 

as 9'J 95 

2 0 Glu Ger An 3 V-il Lys Pr^ A:;p Per Tru Aru llo Leu Gys Prz Pro Gys 

lie :0d 111 

Tnr G^n Ar^ Arg Gin Aru Pro Asp L- ro Aru t:r Gys Arg Gys Arg Gys 

115"^ 121 125 

25 

Arg A.rg A.r g Arg Phe Leu lis Gys Gin Gly A.rg Gly Leu G5u Leu Asn 

130 115 140 

P r o A.s p T n r G yr. Arg G y s Ar g Lys P r c A r a L y s 

30 145 ^ 150 ' : 55 

(2; IMFOPMATIOG PGR SEQ IP NC : 1}: 

(r; SPCGE^jGE GHAFIMGEPI GG IGG : 

35 

A) LLMGGH: 152 amLOO acids 

B) TY?£: aT.mo asid 
D) G:PPCLCGY: linear 

4C: ;rl; MOLGGGLG TYEE: Pronoln 

;xiG PECUG:CGG DP2GPl:P'::0:: : peg id GG: 15: 

Pro T r p lie As o V a 1 : y r T Si r A .r g A 5 a 1 Pi r G y s Gin ^' r o A. r ^g 1 u a 1 

4 5 1 ' ^ 5 ^ 10 15 

Val Val Pro lou lor Ge': -.A:, ;.^>u :i A/ Am Va ... V :i 1 Lys GLn Leu 
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15 



Ar Gin Ara ?ro Asp t'ro An Thr Cys Ar-g Cy5 Arg Cys Arg Arg Arg 

11- " J ' 12b 

Arg lr:e Leu H:.^ Iy3 Gin Gly Arg G._ y Leu Glu Leu Asn Pre Aso Thr 

110 13r> 14 0 

'1 y :7 Arg 1 y 3 Ar g L '/ s Pro Arg L s 

145 ^ ^ 150 



:n70rmation for seq :d :C0: ll: 
; .:. ^ sf:qlei:cf: ihapacteristics : 



;A) LLNGTH: 150 anrnc arias 

'B; TYPE: ammo icid 

2 0 ' D) TOPCLOGY : linear 

;^r; MOLLCLLE TYPE; Prctem 

:xi; SECLE^;gE DESCRlP^lOr] : GEC' 12 NO: 11: 

Iro A3p Val Tyr Tnr Arg Alu Thr Gys Gin Pre Arg Glu Val Val Val 

1 ' 5 11 ^ 15 

Z' ro Leu G e r >le t Glu Leu Met 'Gly Ac' n Val Val L y s Gin Leu V a i Pro 

3 0 10 2G 3C 

Sor Cys Val Thr Val Gin Arg Cys G].y Gly Gys Cys Pro Asp Asp Gly 

35 40 45 

3 1, Le u Glu Gys W'l 1 Pro Thr G 1 y G in H s Gin '/a ^ Arg Me t Gin lie Leu 

50 55^ cC 

Me" lie Gin T\'r Pre Ser Ser Gin Leu Giy Glu Me*: Ser Leu Giu Glu 

cb 7 0 75 80 

4 0 

L I J Ge r Gin Cys Giu Gys Arg Pre L' *3 L,ys Lys Glu Ger Ala Val Lys 

35 90 93 

Pre Ar p Per P : o Arg lie „eu Gys Pro Pre Gys Thr G_n Arg Ar g Gin 

4 5 100 ' KiS 110 

Ar-e Pro Asp -uro Arg Thr ■""^ve Arg Gys Are Gys Arg Arg Arg Arg Phe 



AAGjRMAT Le^: IGR GLu 
' : . GP:."'E:] :'E OLAi- A 
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.1 va: 



1 D 



.eu Me': 



•al Pro 



: y :"3 ? r c .-a : > A 3 p G 1 \^ I . e u G 1 u C y s 



15 



: h r G : '/ 



G ^ n _ 1 e L'^u 'A^'-i 
60 



- G^u Hi5 Ser 



3 0 



O J . 



P r- 0 A p S e r 
35' 



Pro Pro Gy.'j Thr Gin Ar:; Arg Gin Arg Pro Asp 

13^ ^ lie 

Pro Ar^ Thr Gvo Ar::: Gys Arg Gys Ar^ Arg Arg Arg ?he leu Hio Cys 

HE ^ ' ^ :..G^ 125 

Tor Gys Arg Gys Arg Lys 
14 0 



. -3 _ O U 

' 0 •■ ) 



13 J 
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A;:;: I'l" : L '/s Ir,- 3 '//fi o-rr li : _ r'ro A:::: Sir Pro Arg 

Pr-j ?rc J.o Thr Aln Ar;: Ar ^ oln Arq P r~ ~ A^p Pro Arg 
1 ■ A") 10 5 110 

Irr ly^ A::; Ar ; A>:;; Ar Ar^;: Ar^ Arq Pre leu H:ls C'/s 31 n Gly 

115 irn 125 

A z- M G 1 "■_/ G o 1 : ' 1' 1 u G A £ n ? r 'j A r p T n r G '/ r A r -r G ^' ;j A r L\'3 ?ro A r g 
1 3 C 13 5 '1^0'' 

Lyj 

": 1 

G.: IGFGPMAGIG:: pgr SPC pa no: 14: 
JGGGGGGG GGAFAGGGRPGGIGG : 

'A, LZNCPH: 178 amrnc acids 

( :G GYFF: .i:nlro acid 

( P . GOPOGGGY : 1 : ne.i r 

A.i> :-:GGGGUGG TYPP:- Prctem 

ixr; GG:^UGNCE GESGRIFTIOM: GEQ ID NO: 14: 

Pro Uly Gi~ Gin Arg lys Vai V3I Per Grp lie Asp Val Tvr Trr Arg 
1 5 ' 1: "15 

A^a Thr Gvg G^n Pre P^rq 31': Vf;l '/al Vai Pre lou Ghr V::il Giu Leu 
PO 21i 3P 

NPv: Gly Ghr P' ^ 1 Al 3 G:';^ Glr Leu 1 Pre Sc r C ys Va 1 T Gr Va 1 Glr 

3 5 3 5 4 0 4 5 

A?- 1 Gy= G A/ 'l^y Gy5 Gys Pro Asp Asp G G/ Geu Glu Gys V.^l P'r": Thr 
bJ ' ^ ^ 55 ' ' 60 ' 

4 5 lly Gin H_r Plr Val Arg M^r Glr Pie L^-u MeL Pio Arg G yr Pro Sor 

G5 '^0 7 5 SC 

G'_' r G - r l-u Gly PA. u r P C: r Leu 5 _ u 5 1 u Pr s Per r. Gy Glu Gys 
8 5 0 0 0 

4 5 

Ar:; Pr;"^ Lys Gys Asp '3^ir: J-.^'i Viil Lys Pr'_ A:jp Arg Ala AIj Thr Fro 
IOC 10 5 110 



3 0 



Pis A i A _ ^ L _ 



WOOS 4<)3()() PCT/LSQ8/0780I 



:r^: TYPE: ai:-nc acid 

^lOrOLCGY: Jir.ear 

MGLKCYLY. TYFE: Protein 



2Z ?.5 3 0 

Ly2 L.e-^ ^ 1 Pre Cy:j Val Thr Val G^n Arg Cys Gly Gly Cys 

2 2 b AO '45^'^ 

Cys Fro A^p A;;p Giy Leu Qlu Cys Vai L-'io Thr Giy Gin H-L3 Gin Val 

65 70 ^5 " 30 

!'] e t S ' r leu G 1 j G 1 ^ H 1 1; S t-"; r Gin C y 3 C I u C ^/ 3 A r 5 Pro L y s L y s Asp 

85 9C ^ ' 95 ^ 

3 G 

1 ::■ 1 J 5 " 110 

Pro Ar: Ser Val Ire Giy I'rp Arp G-^r Ala I'rc Giy Ala Pro Ser Pro 

Ala A3^ Ilo Thr H^i^ Pro I'hr Pre A^a Pro Giy Pro Ser Ala Eis Ala 
1 3 C' 13 5 '1 0 

40 A:.a Pro Per Tar Thr Ser A^a Lou Thr Pro Giy Pro Ala Ala Ala Ala 

145 151 155 160 

Al3 Aap Ala Ala Ala 3er Gar Val Ala Lys G^y Giy Ala 
16: it: 

P.: IGTGFl-lATIG'M FCI^ GIG IG GO: 1.6: 



4 5 
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MSD Asp 



: g Ac t J ^ n - i e u 



6C 



8C 



35 



Ly:i .-^s p S e r 
^•0 



\rr A._a Aia Thr Pr:: His iii.s Ara tT- Glr, Pro 
IOC i:b 

"::p Asp 3er Aia 0..%' Ala ?ro £er ?rc. Ala 



e r 

: 10 



uys r'ro 
95 



Val Pro 



^.sp lie Thr H_i 



;;i 1 Ala Ala ? 



Pro ^er Thr Thr 



. 2 Q 



^isp A.. a 



1 5 1: 



Ala A-d 

160 



;er A_:i Lys 

lor 



. \' --1.^ a 



30 



:) FORMAT I Ot'J FOR 3Z:j ID : 1 

■ -1, 3iO'jEi:cE characteristic: 



I A' _.:LM01h: 

TYPE: 

II TOPOLOGY; 

(ID MOITCUIE TYPE : 
( ; OROOEKCE CECCR: 



. o:^ a:r.r:.c 
-.xrnc acid 
1 i. p. e a r 



}1-^ 



X e 1 ^1 y Thr '/ a 1 A .a L y a G ^ r; 



il Pra Sor Oys Val 
30 



\VO0S;4Q3(M.) PCT,LS98;0-80i 



3 0 



4 0 



45 



1. cC 



[:;fo?l:^:atic:-: for se.; tf nc : U: 

vF, TYPE: :ic± z 

( II- ' r 0 P 0 LCvG Y : 1. 1. n c a r 

^1; MCLECYEE TYPE: Prote::- 

':hr Yy^? G^.n Fro Arc GLu Val V^l Va 1 Pro Leu Thr Val Glu Leu 

:-ly Yhr Val Ala Lys Gin Leu Val Pro 3er Yys Val Thr Val Gin 

2 'I 4 : 4 5 

-ys Y-.-/ G.y Pys Cyu t'ru A^;p Aop Gly Fuu Glu Gys Y,:^ 1 Pre Tl-Lr 



-y ;^^n Hl3 Gin Val A^g Me*: G.n 11^ Yau Me:: lla Arq Tyr Cro Ser 

: "P so 

? r G Y n L e . : G 1 Y 1 u Mai P ^ j r Y a u G Y G 1 a H r a 3 c r G ^ a G y s Glu G y s 



1 i 1 J P 1 1 0 

a Fro G^a V'r'z Ara Per '/ ::i . Pre Gay Tra r\T:p Per Ala 



:ULE TYPE; 



Ar'^ Ala Thr Cys G^n Pro 



T!:r _-_u Lry.: I-lot ■"^iy Thr V.ul Ala 

/ V :i 1 Thr ' / a 1 G 1 Ar ( i 1 y 3 G 1 y 1 y G y s 
4 0 ' 45 ^ ^ 



1.-U yet An 

'7 0 



:u ^--ly Giu 
80 



^'i oer L.-u l^u G-U hl^ S^^r Gin Gys llu Gys Arq Pr 
8 5 50 



-ys Lys Ly£ 

95 



. a V a G y 3 G 1 r. A - p A. r ^ Ala A.l a Thr Pro H 1 :i His Ar g Pro 

1 0 : 115 : 1 0 



115 



1^ ^ y T r p A.s p S r A ; a Pro G 1 y Ala Pro S e r 
1 G 11;; 



:o Arg Pro Lea Gys Pro 
14 1 



■ y s A r g C y s 
160 



y, Ara Ara Gar Ph* 

1 h 5 



Gye G^n Gly Ara Gly lev: Glu 



:r; Pro 



wo <)S 49300 



PCT,'U.S9S/07801 



3 0 



■v a _ 



'1 0 



C y s r r o Asp A p G i y 
45 



^j_n V^^ Ar:: Ke 



10 



S r e - Gin Le G ^ y G i j Ke t G e r Leu o 1 u G G 



\ r q Pro ^ y l"^ ^ys L y s A s f;> S e r A _ a V a a. G. y s 



3 0 Al-q A^a 



Arq G.n Pr- Arq Ger Val 

GIO 



Ala 
12 5 



130 



Arq 

140 



Ghr 



n Gy3 Pro Asp Prz 

15G 



I'hr GviJ Arq Cys Arq Cys Arq Arq Arq 
155 ' ' 160 



.^rq ..ys 
16d 



. y Arq uiy Leu Gl 
170 



ru Asn Pro Asp Th: 
175 



J 0 



Arq Gv3 A'-q Gys Geu Arq Arq 



35 



:f^'1at:jm fcr sgq id GO: 2 1 

SEGGENCE CHAPACI^ERISTICS : 



GA) GGNGTH: 
[h! TYPE: 

;di topclcgy 



40 



' L.' 3Xir.o ^c:: us 
r,irc auiu 
n e a r 




PCX I s^s o-rsoi 



;"i L-Tv. :\ra -or ■. ^ ?r : G_. y I'rp 



1 



Hhe :_-eu Arc 



145 



150 



r^^ri P:.c ^-.sp 'I'nr Cys Ar^ Cys Ar7 
1 ^ 17 5 



1 oC 
Lvs 



MFORMA.TIC:; rjR SEQ IZ NC 



r r o t G m 



TGFOICGY : 
(1 . : MCLLCUl,:: TYPE : 
(x:) Se;:);jENCE CirSCRirnCLl: SEj id NO; 22 
1 y r A s n T n r 3 1 u lie Leu L s S e r 



so A:.>n '.^-^u 



^' ill. - p — ■, 



Aj,v. Th.r F'h^ 



\3p Val Gly Ly:^ 

3 0 

r-D Cys V-il 
45 



15 

Gl Ll 



Lys 



Phe 



Val Tyr 



'.r g .,y.s G^y 
5 0 



Glv Cv£ 



; 1 L.e u Gin 2 y s M e ^ As n T h r 



ier :'yr ^cu ^er Lys Tnr Lou rb.e Glu lie Thr V:il 

-/ 0 7 5 



82 



-y Pr 



Tie 2 e I 
50 



Ala 



95 



PCT I S')8/()7801 





\ra Arq Fr Cy^ Tnr Asn Ar^ Gin 
: 7 = 2 S 0 



■ s Ala C y s G 1 u Pro G 1 the S e r 
285 



i I t- r c ^; e r T y r " r p y s A.r q Pro 
5 00 



:in Me^ i^er 
: 0 5 



i::FOnMAriCN FOR 3ZQ ID NO: 

( i ; SEC.'^-^'HiNCE chapacterist: 



TYPE : 

TCFOLOGY : 



^0^. arr.mc acias 
imino acid 

Linear 



SE;;CFNC" 0E30RI FTIO:: : YEC 10 NC : 23: 
lys of- r lie A.;p A:^n G m Oirp Ar^ Oyj Tn: 



lys I-O:^ 

1 r. 



Ar-:: G:.u Val Cys lie A-p Val Gly Oy- G.:.u Phe Gly Val A^a Thr Asn 
20 ^ 22 32 



45 



u:;: Ar 



U O 4930(1 



PCT;LS98'0"801 




ru Asn ?ro 31 y Lys 



1-^3 Cys Cys Th:; 

24 5 



; c r Pro 'J _ 1 1 L y s C ^■ s Leu 1 ■:2 u Lys G i y 
250 ' 255 



:e 1:^0 Lis G..r; Thr Cys Ger Cy:^ Tyr Arq Arq Pro Cys Thr 
2 60 2 65 2 7 0 



Cvo Giu Pre Gly Phe 

2 c 0 



G r G e r C- 1 u G 1 ■ j a 1 
235 



7 a r' r o 



Pro Gin Met Cer 
3 00 



PC R P PC I P i-i . 



4 C 



5eoup:;gp cgai 



POPOLCGY ■ 



1 i nea r 



Lo".: Pn-: 



\\ () OH 4*)3n(> 



PCT L S9S '()78ni 



.'s Md J■^r Lyij l.eu Aj:^ V.3 1. 



; 0 



Pr A.la :"n r leu 



10 



Lro AS" 



1 ■■. 1 Acp ?n e Me z ? n e S e r 3 e r 
14 0 



15 



A 5 



jly rh*? a 13 A.:p ^le 'Jy:j ^ly Pro 



G i^r-u Asp Gl'j 
165 



: y 5 '/ ci .1 C y 5 /A r q .A la G 1 y 



13C 



Tro lys Glu leu Pv30 Arq Asn Ser 

les " 190 



'r, ■/ ^ 1 '.;yr; lys /•L3r. i^ys _eu t'rio ^■'ro ^er .jj-n i^ys ^^xy /^^a 
^ 3 2 0 ij 105 

,u ?he Ai;p Glu A-n I'lir Cys 31.:: Cys V.^il Cys lys Arg Thr 



lyr; -ro A.r-cj Asm Gin Pro leu Asn Pro Glv lys Cy:3 A_a Cys Giu Cy^ 

1 2 5 2 3 C 13 5 2 4 0 

rhr G lu 3 e r: 3 ro Gin ly:;; Gys Leu I^ju ly h Gl.y Lys lys ?he His Hr 3 

243 ' 250 ^ 255 



Arg Gin lys Ala 



■■/'i Ar:; Gvs V::! 



231 



4 5 



wo ^»N.493()0 PCT,IJS98/07801 

8 J 




Cy- Arg Ala G:.y 



Leu Arg Pre Ala St 
1^5 



Cys v:_y Pre ii'^u Lys G_u Leu A.sp A,rg Asn Ser Cys Gin Cys Val Cys 



ISO 



185 



190 



L v-s A;:m Lya Lou Phr 
135 



Zy3 G^y Ala 



205 



Ai:ri Thr Cy: 

2 : C; 



:ys Val Cys Lys Arg Thr Cys Pro Arg Asa Gl: 

215' 2 2 G 



4C 



230 

Glv :.vi 



Zy3 Thr Glu Ser Pro Gj 



Phe Hi5 Hi.s Gin Thr Cys Ser 

o c 1^ ^ - 





7\ r'J L'ri 
^10 



A.^n /^.;p \z.^'-i ^".r ..-nn Cys v a . 

i5 60 



J ^ j C IT o J. 'v 

5 0 



A s n G .1 y M e i 3 l n A r ; 

8 : ':> 



13'.rr Phe Giu H^s Lys Lys Cys Asp 



ys Ara rT'j Ar^^ ?n.; 



rhr Pre Pro Thr Thr Thr Arq Pre Prr 

13 5 1 : 0 



7\rT Ar^ 
1 : 



30 



i::FCR:4;dCN fjr szq id n:.): : 
; se:':*uence chapacteristzcs 

(A; LENGTH: 

(3' TYPE; 

(J. TOPOLOGY: 



111 air.mc acids 
Eimiro acrd 



; _.L ) MOOGOULP TYPE : 



P r o t e 1. n 



; XI ) 3EQ;:G^JCE dkgop: ?t:c;: 



4C 



1 5 



}{rs Pro oiu Leu Thr 

3 0 



;lr Ar:^ Phe Asn Fro Pro Cys V-i : 
3 5 '1 0 



i u e L A.r 'J C y s ^ 1 y G 1 ' 
4 5 



\\ (> OS 40300 



rCT/i;S98/07801 



_^MGTH : 



_ n e 3 r 



2 8 : 



-z V3I £er Glu Thr H: 



;Lu Cy:^ Lys Pro Ar-^ Pro Val Val 

:0 15 

Uu Lgv; Thr Ser 31n Arc Fhe Asn Pro 



Vc^l Thr Leu Met. Arg -Jy; 



i:y Ala 



^ 1 y C y s y s A :3 n A s p G 1 u 3 e r 
45 

\or. Val Thr Met Glu l.eu Leu 
60 



::n 31 V Met Gl:: Ar:: Leu 



.- r. e V a _ 



-.r^7 L'he Thr Thr Thr Pro Pre 
95 



Thr 



r Art Pro Pro .Arc A r q Ar 0 A.r 

: 0 0 1 : J 



:M FORMAT ION FIR GFQ IP MC 

hi; 3EGLFN1E GHAPG^CTLF;:: 

;a; LLNGTH : 

;S) TYPL: 

:D) TGPOLCGY: 

(11: MCLFGTLZ TTPZ : 



1 1 ijmlr:o acrds 
amlrio acic 
linear' 



45 



PL3GPT -T":GK : 
/s Pro Arc Pr 



_ n r a h e 



Val Pro Val Per GIl 
1 5 



:o vro Cva^J ^al Inr Leu 



Arc Pro 



\\() '^S 493(10 



PCT/L S^)8 07801 



1' '"^ ? E : 
TCPCLOGY 



i ir.ear 



3 e r 3 1 V 



o : 0 

vs Lys ?i-o Arg Asp Thr Vai Vai Tyr 

20 25 



Asp 

15 



Leu Gly G^u Glu 

3: 



Lys 
Tyr 



Frc G^j 3er Thr A^. r; Leu 



Vai Thr Vai Lvs 



5G 
Tn: 



Ara A sr. 



60 



:hr Vai Ger Vai I'nr G 



Ser 
30 



Gly Tnr .Asn Ser Gly 
35 



?r Thr Asn 



Le- Gin A.rg 



95 



;al Thr Glu Mrs Thr Lys Cys Asp Cys 

110 10 5 

r-ro l::r Inr Tr.r Arg (^1'^ Pro Arg Ar .5 

1:5 1 2 G 



Thr 
112 



:hr 



4 0 



INFORMATION FOR GGO 10 ^:0 : 11 



■ S ; T Y ? " : 

, 0) TOPOLOGY : 



^ ^ b 3 m 1 r c 
linear 



-4 



wo ^H, 4^)300 PCT/LS98/0-8U1 



3 : 

Tr.r 



Pr- Tnr Thr 
110 



Thr 7a rq 



3C 



:i:rcF.MATi jH for szq 32: 



/al 



IZNGTH : 

type:: 
topc logy : 



1 1. n e a r 



MOYHCULE TYPE: Pro::exn 
;xi) 3R:QYE^:CE DESCRIPTIOrJ: 3EQ ID : 



Arg Thr Leu Asp hys Scr Gly Cy.s Lys 

: i: 



-rc Ara Asp Thr Val Val 
15 



'Jrl-s: Giu lyr Pro Glu Sor Thr A^n leu Gin Tyr Aon Pro 



j_ rnr /■; 



5 3 

Tnr Gly 
Lc-u Gin 



Thr Ala Va : 



Ser 
7 0 



lie 
3:. 



oe r ^ er to . 



■ J 1 . nr 



3C 

Gys Gy? Asn Gly 

Thr Thr Val Thr 

60 

Asr. Ser Gly Val 
7 5 

T:ir Lys Cys Asp 



Asp 



/al Sei 



Th- 
ee 



95 



4 5 



.10 



i::irOFHATION h'Oli SZ:} ZO XG: 



.10 



G: V Glu 



w o 9S'49J()(t 



PCT/tS9H'07801 



8 5 



— Ar.-^-; :y:- e r ^,iy ry^ A3- Gly ^.so '^l'/ GIr lie .^-/s T;^r Aia 

J- 45 ' 



. u r:ir Ar:^ A:3n Tnr Tt^r '/a. Thr '.'^1 3er '/a: ?hr 31 v Val 

60 



o--r 3er Gly Thr Asn ^^-r 3Ly Val Sor Thr Asn Leu Gin A.rg lie 

"^c ^5 ao 

Ser V::! Thr -1^^ Hi- Tnr Lys Gy- Asp Cy;: lie Giy Arg Thr Zr.r Thr 

Thr rro Thr Thr Thr Arc 31 1: :''r:j Arg Arc 
100 105 



;2) :N30Pi^:A7 ION for 3EQ ZD NO: 2 ^\ : 
: 3Zrs:Zl\ZZ OHAr^^CTERISTICG : 

9 r, 

:A) TENGTH: 16^ anrno acics 

:i^; TYPE: amine acrd 

:3.' TGFCLOGi: linear 

2 5' i_ 1 ) ^■:OLZ 3TJ L E T Y ? E : ? r d c e i n 

(xr) 3EC3ENGE DESCRIPTION: GEQ 13 MC : 34: 

Pre. Vai Ser Gin Phe Asp 31 v Pro Ser His 31 n Ivs Lys Vai Val Pro 

3 0 1 5 IC ^ 15 

Trp lio Asp Vai Tyr Thr .Arg A^a Thr Cyc Gin Pro Arg Giu Val Vai 
20 25 30 

3^' Val Pro heu Ser Met 3Iu U--^ 31 v Asn Val Val Lys G-ii Leu Val 

5 5 ^ : Ab 

Prc' 3 or Cys Vai Thr Val 3 in Arc Gys Gly Gly Cys Gy^ Pro A.sp A30 

5 0 5 5 'go 

4 0 

-l' h.-a G_u Z\'-} 'ijl ?rc Tnr lly Gin Hij Gin l-^ai Arc Mo*; Gin lie 
"^0 7o 80 

iau Met I_e Gin Tyr Pre Ger 3er G^n Leu Gly G^u Met Ser Leu Giu 

- 5 5 5 0 05 

^"-Oc H:, 3 Gar Gin ^'y- O^a Gy- Ara Pro Lya l.yr^ Lys G:a 3er A^a i'ai 



^ a 

15: 



iei., Aan ira Aar. !0": *" ^'^j--. 
l^^' ' 160 



w o ^8/493(10 



rCT/tS98/0^801 



C TCPCLOC 



:)UENCr: ZESCR1?'?ZCU : S'ZQ ID NO: 35: 
G:n P: c Asp A^a Pr": Gly Hi ^ 



n Ar:: Lvs Val Val Ser 



rg 



V 3 1 V li 1 



/ai Pro Leu Thr Va^ Glu Le-j Met Giv Thr Val Ala 



Leu Val 



5C 



'o 1 n A r C 'j,' s G 1 y 1 y C y g 
5 5 60 



Cys Pro Asp A.sp 



30 



Leu G L u G vs V a \. ? r 3 L h r G i '/ Gin K i : 



nn Val. Arg Met Gin lie 



70 



Leu Me^ lie A.rg Tyr Fro 5er Se; 



-^5 



Leu Gly Glu 



Mer Ser 



^eu 

95 



80 
Glu 



ill His Ser 



G^n 

IQO 



}lu Gys kr'i Pre Lys Lys Asp 



Ser Ale Val L'. 



- LO Aop 



115 



Ala Ala Thr Pre Mrs r'r^s Are r re Gin 

110 



CO Are Ser Val 



rre ..iy 
130 



Tr:: 



Asp Ser Ala Pre Gly Ala Pro 
135 



Pro 
140 



Ala Asp I^e Thr 



4 0 



His Pro 
14 5 



hr z-rc Ala Pr 



eer A^a ::xs 
15 5 



Ala 



r O e I 



Thr 

153 



Ter t^ro Gly ?ro Ala Al.a A^a A: 
16 5 ^ 17 0 



a .-._a ^esD 



Ala 

17 5 



Ala 



\ la e r Ser 



7a 1 Ala Lye Gly Gly Ala 
p e 1 Q = 



LPM-TH : 



<LLLCGLE TYPE: 



wo QS 4^300 PC r tS98/0-8(>l 



10 



4 5 



-"^ ^V-^ '■'■■5^ IJ^r '/al Gin A:: 7 '^yr- Gly Gly Cys Cys Fro Asp Asp 

5: 35 60 

Leu 3 1 u 'J y s V 3. 1 ? r j T h r G 1 y G _ n Hi.: Gin '/ a 1 Ar g Me Gin lie 
^0 75 30 



Ge-^ >^e\" -i-B Arq ?yr; Pro Ser S-ir Gin G^y Gi;. Met Sor leu Glu 

15 6 5 90 ^ 9 5 

G^u r Gin Gy3 G^u Gys A.rcj Pre lyi; lys Lys Asp Ser A^a Val 

1:0 105 ^ ^ lie 

20 lys Gin A-o Arq Ala Alu Thr Pro His Arg Pro Gin Pro Arg Ser 

115 lie- 125 

130 133 140 

2 5 

Tnr Gin G-i-r Grs Gor Sor Pro Ar:i Pro leu Gys Pro Arg Cys Thr Gin 
l-\5 130 155 160 

H^s Hi3 Gin Gys Pro Asp Pro A.rg Thr Cy^ Arg Cys A,rg Cys Arg Aurg 
30 165 1^0 ^ 175 

A.rg Ser Pr.o Lou Arg Gys Gin Gly Arg Gly Leu Glu Leu Asn Pro Asp 
18 0 135 190 

3 5 Thr Gys Arg Gy3 Arg Lys leu Arg Ar- 

il 5 2 0 0 

il IMFGRMATICX ?GR SEC 13 NO: 3'^: 

4 0 (X) lECUENGG CHARA.GTERXGT1G3 ; 

■A] LENGTH: 339 a:nino acids 

3; TYPE: a"xnc aoid 

G; lOrOLCGV: linear 

;oi; ■ICLECGLG TYPE: ProPern 



PCT US98 07801 



SO 



100 



r- r o Ar q G u V _l C y s 



10^ 



Met: 



. 10 



A s p V i 1 G .1 y L y s 3 1 u ? h e 31 v a i A 1 a 
120 125 



Thr 



'/al 3er Val Tyr Arg L vs i::ly Giy 
14 0 



14 : 



.e-a Ser C^n 



150 



Lys Prr Val 



Ala M^^r. fii.- Tnr Ser Gys Arq Cys MeU 



3 0 



^ys _-3u A::c 



il Ivr Ar:;: Gin Val H^:; 



He Arg Arg 
2 0"^ 



Leu r'rc 



Ghr Asr. T'/r Met 



:hr Leu Pre Gin Cys Glr. Ala Ala A.sn Lys Ihr Cys 

2 1 E 2 2 0 

Asn Astl riis Ilf-: Gys Arc Cys Lou Ala Gin 

231 255 



Ser 



Pro 



Glu 
240 



Me-: ?r:e Ger S 
245 



5 5 



P r :; 



A::t:' Ala Gl^' A;^p Asp' Ser Thr A£ 
A 5 r. L y a (^t 1 u L e a A s p' G 1 a G I i:. ' h r 1 y :-5 



Gin 



4 0 



Gy- 



Lys 
27 5 



Ara Ala Glv 



2 3 0 



Ala Ser Gys Gly Pre His 
235 



.n G'/a Va.. 



-.ys /^sn i^ys ^eu rr.e 
303 

31^ Aan Inr Gy- Gin 



U () ^>8;40300 I>CT.'t'S98/0T801 



typh: : 
topc logy : 



Li) MOIZCULE TY?H 



Prctein 



xi: £Ecl'e::ce descripticn: seq :i: nc: 



Cvs Leu H.s 



31n Tyr 

:5 



1. e u A s n A i a A - p S e r A. s n T h r L %' s G 1 



Val Leu Lvs 



a. V S e r 



Fro Ar :3 Pro X Val Va 1 Pro Val 3er Giu Thr 
4 0 ^) 5 



5 0 



60 



-_yb .nr _.eu 



65 



y Gly Gys Cys Agh Asp uiu Sor Leu 
70 ^ 75 



Cys 



Val Pro 
80 



30 



Glu G-Lu '/al Asa Val Thr Me:: Glu Leu Leu u-ly 
3 ^ 9 0 



A."^a Ser 



Gly Ser 
95 



Ser Asn '^ly M^-ii Gin Aru Leu Ser Pho Val Glu 
1:0 " 1:5 



His L^/3 Lys Cys 
110 



Cys A-rcj Pro Arg Phe Tr:r Thr Tnr ? r^": Pro Thr 



Thr Thir Aru Pro 



40 



i^.r g 
130 



^.rg 



45 



INFCFJ'IATIGN FOR SLQ IT NC : 

;i) SEjUENCE charagterist: 



LEN^GTP 

T" V p r ; 



aninc 




wo ^>S, 49300 



PCTX'S98/0:'801 



A r 7 Asp Thr j. 1 v' ^^i 1 

Leu G^n Tyr Asn Pre 
65 

Z'/3 A s n G 1 y Asp G 1 y 

as' 

Thr Val Thr Val Ser 
100 

Ser Gly V^l Ser Thr 

:i5 



Tyr L^'J G^y G-u Tvr 

r 3 



G_n :io Cys Thr Ala Val 
90 



Asr. Leu 31 ri A.rg lie Ser 
120 



Pro Glu Ser Thr Asn 

6 0 



Glu Thr /Arg Asn Thr 
95 



Val Thr Glu His Thr 
125 



Val Thr Gly Val Ser Ser Ser Ser Gly Thr Asn 
-05 110 



Arg ^ys Va_ Thr 
73 



/.3l 



lys A.rg Cys Ser 31 v Cvs 
80 



Lys Cys Asp Cys lie Gly Arg Thr Thr Thr Thr Pro Thr Thr Th- P^a 
13C 135 140 

Glu Pro Arg Arg 



[2 IN'FOPl^JVTICN FDR SZ^ ZD NO: 0 : 
SEQUENCE CHArLACTERTSTlCS : 

(A) LENGTH: 2 6 amino acids 

C3) TYPE: amino acid 

(D) TOPOLOGY: Irnear 

(ii: MOLECCLZ TYPE: Prorem 

(xl; SEQUEMCS CESCP.TPTICl' : SEQ ID NO: C : 

Me- Asn Pne Leu Leu Ser Trp Val H^s Trp Ser Leu Ala Leu Leu Leu 
1 5 10 15 

Tyr Leu His Hrs Ala Lys Trp Ser Gin Ala 
20 25 



( 2 ; IN FORiYAT I ON FOR S EQ I D : 4 1: 
i^: SEC"ENOE CHAP^ACTERISTICS : 



;A; LENGTH: 20 base pairs 

O) TYPE: nucleic kcid 

:C; STP^ANDEDNESS : single 

;D1 TOPOLOGY: linear 



amir.o a^^d 



the firs:: cv5*:eine 



. The ::runcated VRP subunit: cf clainr. 1 wherein rne VP? 
r.: a hurr.ar. V?.P. 

3. The trunca::ea VRP subunir of claim 1 wherein sard VRP 
se-ected frcm tre gr^up consisting cf VEGF-E, VRF-2 , VEGF-C, 
r^GF, VFGF-i, poxvirus CPF-1, ana poxvirus ORF-2 . 

4 . The truncated VRP subunit of clairr. 1 wherein said VP? 
IS VEGF-3. 

5. The cruncated VRP subunic of claim 1 wherein said VP.? 
subunit comprises an ammo acid sequence of Figure 2. 



2U 



The truncatec. VRP suOunio 



'OS 1 due; 



oermina^ to 



c 1 a i rr. 1 v; h e r e i r. one 



core se cue nee of said sufcunio are deletec 



Tne truncateo VF'P sucunit of clairr. 1 v;herein ohe 
ammo acid sequence N- terminal to saiii core sequence cctlP rises 
2 CO f: ammo acid residues. 




wo 98''493()f) 



PCT,l'S98'07801 



*:runca::ec 

acid residues 

th'- cere sec 



r.necr 3 



o c r. r r of cl a i rr. 
;rise 6 to 10 c 
e I y L-] - n e rmi na ' 
f sard VP? subu: 



wnerein saia o 
the ccnsecutrve 
zz the fcrsr 



11. The 

-^rainT^ acrd sec 
11 c ::■ 2 0 a.Tiinc 



cruncaced VR? sabunit: of claim 1 wherern the 
cence N-terxinal tc sacc core Si^aj^ence comprcses 
ac id res idues . 



12. The truncated V?.? suburit of clairr. 1 wherein said 11 
tc 2 0 arr.cn c acid residues comprise 11 to 2C cf tne consecutive 
aT.inc: acid residues imnediaceic/ N-temmal to the first 
cysceine cf che core sequence cf said VRP subunit- 

13. The truncated VRP subuniu according to claim 1, 
lurcher comprising ac the N- terminus of said truncated VRP 
subunic, tne first one or tv.-o am.i nc acid residues of tne marure 
ncn-cruncaced VRP subunit . 

14. A truncated VRP com.prising tv;c VR? subunits of claim. 

13 . 



1 1 . A c r unc a t e a VR P c om.p rising c v;c VR R subunits of claim 
v;herein said two VRP subunics have tne same amino acid 



UO *^S. 49300 
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IS. The r^uclei:: r:^Di3::ule cf ciajLrr. 1/ wherei:": zr,e 

nucleic ':iCLC. ::ic_ ecule i.i a D^^A rr.ciecule. 

15. The nucle:. :: acia molecule of claim 17 wherein the 
nucleic c c a mo 1. e c u 1 e i s an R!0 A molecule. 

21. A re c omb i r a n t 1 NA. vector c cm.p rrsrng the nucleic acid 
molecule O'l c_aim 1^. 

2 1 - A r e c omb ma n i DN A expression vector c omp rising a 
nucleic acic mrolecule or claim. 17. 

22. The reconh)inant DNA expression vector of claim 21 
vherem said nucleic acid m.clecule is ope r ably 1 in iced at the 5' 
end of said nucleic acia m.clecule tc^ a DNA sequence that codes 
for a signal peptide. 

23. The recomomant 2MA expression vecoor of claim 22 
wnerem said signal oepoiue is selected from tne croup 
consisting of l'E3F signal pep lioe, VHZGF-B signal peptide, W?S~2 
signal peptide, VEGT-C signal pep nice, VEGF-B signal pepoiae. 
and PIGE signal pep t ice. 



0 1 una.. pepoi'Ot^. 

21. The r eoon.o _nan ■-. 11>A ^rxpru; :~ _ on vector oi 
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- . T;-.-:: r e c:;:nc ^ :;an ^ expression vector of c^a:.ri 

A'oereio r:5:io CKA seaoeoco 03:irng rcr sarc srgnol pectiae rs 
':tj'-rao^/ Lir:-:e<:i ar toe 3' eoa of oorci DKA sequence to I:NA 
o^cio^ for aoe firso omroo acid residue of ohe nature noo- 
t r on a a t e d '/ R ? a uo oo at and v;h e r e a n the d ' end of s a a c CN A coca nc 
r a a a c residue as a p e r a b i y linked t c> said nu oleic a c a d 
rule cole sodinq for saaa tranoated VR? subunit . 



27. The r eccrr.binano CM A express ii^n vector of claa.Ti 2 2 
w::ereir-. saaa DMA sequence codang far saad signal peptiae as 
oc:erabiy linked at the 3' end of said DN.A sequence to DNA 
aC'dr ng far the fa-rst two aminC' acid residues O'f the Tiature non- 
t r u n c a t e o VR ? s u o u n a t s and w r. e r e i n the 3 ' e na a f s a i a DNA 
cc^ding for said two residues is operably linked to said nucleic 
aold rtoleoule coding far said t rune a tec VR? subunit. 



28, The reconbinant oNA express Ian vector c. f claim 2 2 
wherein said nucleic acic nolecule is operably linked to 
ocntrol sequences operable in a host cell transforaied with said 
V eater. 



21, A transfcrned or transfected host cell ccrr.prismg the 

:ecc'abinant DMA expression vector of claioi 21. 

31. A trans fO'rmed or transfected host cell cor.prismg the 

o^conomant DMA expressian vector of claiTi 22. 



■-1 11 *.o; ^oi la 11 J neat aoll iao::r: 



. a n r L 0 .1 e :■: r i 



de L 1 ve r '/ vr 



^^o;rll^no a nucleic aoio nio^ecuLe 



V\ C) OS. 493(H) 



PCT/LS^S/n'^SOi 



3-'- A livery vec~::r or clain 32, wherein said delivery 
'/errcr is a viral col:.ver\' ver*:'::r. 

3^^. An ac:encviru3 vectc^r conprism:; tne nncieia acid 
:rc leau ie c f clam 1 ^ . 



35. The adenovirus vector c: claix. 34 wherein said 
nucleic acid nolecuic is cperacly linrcec at the 5' end oi said 
n\;cleic acic :nolecuie tc a DNA sequence that codes for a signal 
10 peptide . 



3b. The adenovirus vector cf c^aim 3 5 wherein said signal 
peptide IS selected from tne group consisting of VEGF signal 
peptide, signal peptice, VRF-2 signal peptide, WEGF~C 

15 signal peptide, and PIGF signal peptide. 



37. The adenovirus vector cf claim 35 wherein said signal 
peptide is selected frcin the group consisting 0)f poxvirus ORF-1 
signal peptide, ana poxvirus ORF-5 signal peptide. 

3o. The adenovirus vector f olaiin 3 5 wnerem sale signal 
peptiae is VEGF-3 3 ignai pep t ice . 



33. The acenov^rus vector of claim 35 wherein said CNA 
sequence coding for saic signal peptide is cperably linked at 
tne 3' enc of said Il'A sequence to DMA coding for the first 
ami no acic residue of the ma lure no n - 1 runca t ed VRF subunit, and 
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4C . r- r^^-zere :: i:^: ecTiab ^-^ ^^cienc virus vector preparation, 
oorr.r rio^og ; ^ rec ono -nar. c aaer.ovira_ vector, saic vector 
oontainir:-: r.c v;ilc-type virus and corr.cricinc: 

a partial adencvi. ral sequence fron which tne EIA/EIB genes 
have been ceie t ec , anc 

a transcene coding for a truncated VRP sub unit of claim 1, 
oriven by a promcter tlan-:ec by tne partial adenoviral 
cecuence : anc 

a pnarmaceuticall y acceptable carrier. 

41. The preparaticn of clai.T. 4 1 v/herem said adenovirus 
vector nas been filtered through a 30 micron filter. 

42. The in;]ectable adenoviral vector p>reparaticn 
according to claim 4 1 v;herein said promoter is selected from, 
tne group consisting sf a CMV promoter, a ventricular myocyte- 
specific p r omo t e r , and a m.y o s i n n e a v y c n a i n o r o m.o t e r . 

43- A methc'd of producing a truncatec VR? polypeptide 
comprising growing, under suitable conditions, a host cell 
transformed or transfected with tne recombinant CMA expression 
v e 0 1 c r of clam 11 i n a m. a n n e r a _ ^ o w i n g e :•: p r e s s i C' n of said 
pol;-/r'eptide, and isolating said polypeptide from, tne host cell. 

4 4. A p n a rm.a c e u 1 1 c a 1 c ompo s 1 1 1 o n c o m.p rising a VR ? 
comprising at least one truncated VR? subunit c-f claim. 1, in a 
suitacle carrier. 

i;:mcricin/: .com i n : s ^o- r : n : ^ ■ --i-l^nt ^ c h a oca c-: u ^ ■. i o 

compos iti':n c;.mp rising i •.run.:a->. . 'Ill oomprisma ar le:iot one 
*.- r ur.ca tec o:.:run:. t v f a;, m 1, ^n i S!.. rab^- corner. 
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:r.e-:hca cr 3t: iraulannr; e-do - r^e 1 ^ a 1 cell grcwrh or 
vitir-:: 23T:crisi"c treacin:; said enco-^elial 
::-lla Alt:: a iruncaiea VK? aoxc rising ar least one truncate c 
VR? sucunrt ct slarm m a saltacLa carrier. 

4". A netnoa of treatrna a patient suf ferine from a neart 
CLsease ccrtcriamg adxinisterinc ts said patient a nucleic acid 
m:;)letu..e ccdLr.c ftr a*: least cne truncated VR? suounit of clam 
1 / sal '1 nuclei:: a c i c molecule a a p a o 1 e of e x p' r e s s i n (g the 
truncated VR ? s uh u n 1 1 i n said patient. 

■ A rr.e t h t ::i of s t imu 1 a t i n g a n g i c q e ne s i s in a patient 
comprising aaministering a therapeutically effective amount of 
a pharmaceutical ccmpcsition comprising a truncated VHP 
comprising at least cne truncated VR? subunit of claim 1, in a 
suitable carrier. 

4 9. The method of claim 4 3 further ccmprisinq a 
therapeutically suitable delivery system. for said 

p. h a r m.a i:: e u 1 1 c a 1 c c m*p c s 1 1 1 o n . 

50. The methcd of claim 4 5 further com.prising 
administering a pctentiatinn agent that potentiates tne 
an gi OCT cm:: effect of said t rune a tec VRP. 

11- The methoc cf claim 50, wnerein said potentiating 
aqent is an angiogenic 



an d 



. a tm.^ c-;^t 1 .^a ^ tmpc:- 1 
..; " 1 a a ■ , a - : ^: r a n cv 



: mp ri ^ _ 



^ tcancatea 
: _-laim 1 , 
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a ■ : c ^ c ^ a b 1 carrier. 



54. The charT.ace'a::ica ^ a air.pc 3 a r ic r. of claam a3 wherein 
s a i a c c r e n r a a t L ng agent is an a ng 1 c ge ni a FG F . 



5 • ^he pnarnraceuL laal aompositacn cf claax 54, wherein 
saia potentiiaiing agena in aeleated from the group aonsashing 
ct FSF-l, FGF-h, FGF-4, FZT~L ^ ^nd FGF-c, in a pna rniaaeut: really 
a <i c e p r a b _ e -i a r r 1 e r . 



^5. A method oi arreatrng a patient suffering from an 
1 3 cn emic aonditxcn comprising acnini s taring a therapeutic 
amount of a pharmaceutical composition comprising a truncated 
V?: P c omp rising at least c ne truncated VR ? 5 ubun i t of claim 1 , 
m a 3uitabl.e carrier. 



5" . The m.ethod c f claim 56 further comprising 
admin:.ster mg an agent thai potentiates the therapeutic effect 
of said nruncated VR? subunit. 



5 5. The me t ho d o~ claim 57 v; h e r e i n said potentiating 
agent is selected from t n e croup consisting of FG F- 1 , FG F- 2 , 
FGF- 4 , FG F - 5 , ana FGF- -c - 



59. The method of claim 56 wherein said ischemic 
condition is selected from the group consistmc of: carciac 
^ -'^ ^ -n , :::.rjn:.i v : r n.\ i '/ ; 1 ^ :i .mi ^ :-hr':n_: lowe^ _^m::- 
"-^^i , s^ro-Or, ':n;: y r \ - d ■/ 1 : " 1 ; i i r :;^i'.iise. 



.4 :T-.cini(^; ror ireacinc ; oaiien^ sufrerina from a 
rmpri SIT'": somi 1 _ 1 l a 1 n " :^ s ^ p e u 1 ^ imount of ^ 

: " a 1 ^ : 1 ; mr 1 a : - : - r. : rr : . ^ : n 1 a - r u n c a a a \' - f 
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:c:T.prL3^nc a*: ^eas^ cne "runjarea Vr.? saounir a c: cor din::; 



- - A rr.e ~ h c c c t i n c i e a a ^ n c vascular d e r me a r a 1 1 c y 
acr.pria mc anmrnasueranq a nnerareutic araounr oi a 
era rr-iacear real ccmpcairaor ccnpriaarc a rrunca*:eci VP? 
ccmpr_Lsrrc at least: one rruncated VRP suDunit accordinq tc 
cLam 1, rr a sure able carrier. 

61. A rr.e trod c f s t i ir:u 1 a t i r c a n c i c q e r e 3 r 3 i r a patient 
compr.istnc celrvering a delivery vect::r tc the T.yocardium cf 
t r.e patient r y i n t r a c c r c n a r y 1 n 3 o c t i c n directly into one c r 
bote coronary arterres, saio vector ccmprisinq a nucleic acid 
molecule coding for at least one truncated VR? subunit 
according to claim 1, wherein said vector is capable of 
expressing the truncated V?.P suounit m the myocardium. 



63. The method of claims 62, wnerein said deliver- 
is a ret lica t icn-def i cient adenovirus vector. 



V e c t c- r 



6 4 . A xe t h c- G for stimulating coronary collateral vessel 
development in a patient having myocardial ischemiia, compr^si.ng 
delivering a delivery vector to the myc^cardium of the patient 
r y 1 n t r a c o r c^ n a r y 1 ri ] e c t i c n d i r e c 1 1 y into one or both c o r c-n a r y 
arteries, said vector comprising a nucleic acid m.clecule cc'dmg 
for a truncated V?,? cuounit and capable cf enpressing the 
t 1 u n c a t e c V R ? subunit n the m v '.'^ 1 a r d 1 cm , t h e r e b v o r om 1 1 r. u 
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a-.-^ver^nc d livery vec::cr zo zn^ penpneral vascular sysTiem 
c: rne Cu^ien-: oy i n t r a - : en:c r a 1 artery innectiaor directly rnto 
cne or oora f an\cral arccries, aaia vector comprasmg a 
transgene aoaang for a oruncare':! V?.P subunit, and capable of 
5 e:-:pre£sing toe truncateo VRP sabaoot an the peripheral vascular 
systeir., thereby prone t tog per apheral vas car ar develcpment . 

^ ^ ■ ^ t a c d c f c L a a n 6 6 , vh e r e a a sard de 1 1 ve r v ve c t c» r 

is a replicatico-cefacieat adencvtraa vector. 
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